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TRY THESE 


HARD-FACING ALLOYS sy 


Made to stretch u orking 
life of cutting, drilling, 
and crushing equipment 
wherever abrasion, im- 
pact, corrosion and heat 
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THEY ARE FASTER 
AND SMOOTHER! 
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LOW IN COST, plenty o’ “pepper” 


Welding Speed on production, so vitally important 
to reducing the cost of your product, is definitely helped 
with this compact, willing unit. Modified multi-range dual 
control gives 500 combinations of welding current for 
selecting any desired arc characteristic. Operators like 
its ‘‘feel'’ and ease of handling. Result: More and better 
welding per day. 

Big duty cycle assures you of getting your money's 
worth in actual capacity for useful welding. This machine 
is conservatively rated at 200 

amps, with 50% duty cycle! 
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ere HOBART’S easy 
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cially designed for easily mov- itself” terms 
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iliary power it will pay you 
to investigate HOBART the 
largest and most complete line 
on the market. 





Handiest gas drive ever built 


Take it anywhere. Go where welding is needed and 
profits are waiting. Just put it on your pickup truck (light 
in weight) or tow it on two wheeled trailer available at 
small extra cost. Ideal for emergency service and ‘'on- 
the-job'’ welding where electric power is not available. 
Low operating cost is made possible with 4-cylinder 
Industrial Engine and constant speed, gear driven gover- 
nor. Send for more details. 
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gives you electric 
power plus welding. 


Meet day to day weld 
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amp. cap. welder, or flip 
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Murex Type FHP Elec- 
trodes play an impor- 
tant role in maintaining 
the high standards of 
welding set by The 
Pfaudler Co., manufac- 
a turers of glass lined and 


alloy processing equipment. This outstand- 


ing downhand electrode deposits weld metal 
METAL & THERMIT CORPORATION of superior quality, and, at the same time 
100 EAST 42nd STREET * NEW YORK 17, N.Y. is fast and easy to use. 


eaeeietetee Leading fabricators in many industries 
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Cleveland better welding, or to achieve more econ- 
E. Chicago, Ind. 
Minneapolis 

So. San Francisco formance. Write for descriptive literature. 


omical production. Investigate Murex per- 
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Mallory Alloy Resistance Welding Wheels 


Play Vital Role 
In Large Tube Mills 


Huge new resistance welders are in action . producing large- 
MALLORY 53B M ETAL diameter tubing at an unprecedented rate. Such machines make 
; unusual demands upon the welding wheels required to seal the 

Mallory 53B is a newly improved metal thick-walled seams. 


embodying recent engineering develop 


Giant wheels of Mallory 53B Metal have been selected for the job 


ments. Castings and forgings of improves ; : 
... because they are hard and strong enough to withstand the high 


Mallory 53B Metal are being use 1 in 


merous applic ations wherea high strength 


pressures . . because their high electrical and thermal conductivity 

eis insures efficient welding .. . because thev rapidly dissipate heat. . 

high electrical at 1 thermal « ' " 

and because their extremely high resistance to annealing mini 

*tal is required such 

mizes deformation and wear. 

welder parts 

But. in addition. these wheels are delivering extra long, continuous 

service . without interruptions for dressing is avoids produc- 

tion shut-downs, a boost to operating ¢ 
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That's results bevond specificatior 


Mallory’s resistance welding know-how is a our disposal. What 
Mallory has done for others. can be done ’ 
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You use less rod per weld, because Oxweip Rods pro- 


duce high-strength welds with minimum reinforcement. OXWELD 
No. LH. T. Rod, for example, has a tensile strength 11,000 Ib. 
per sq. in. higher than any ordinary steel rod—enough extra 
OW strength to permit reduction of the amount of weld metal on a 


job. with substantial saving of gases and labor. 


"OXWELD’ Rods ce weld easier and faster—saving both time and gases 


Trade-Mark 


because all formulas for Oxwetp Rods are worked out to give 
highest weldability as well as best possible physical properties 


Reduce in finished welds, 
’ [uy You get better welds at iower finishing costs, because 
Wel 1 ( osts welds made with Oxwety Rods are always of uniform high 
quality, strength. : to 


and ductility —easy machine and finish 


without exeessive labor. 


You need fewer types of rods to handle your complete 


range of welding. Five OxweL_p Rods— No. | H. 'T. Steel, No 
Drawn lron, No. 25M Bronze, No. 23 Aluminum, and No. 9 Cast 
lron—are sufficient for all average fusion welding. braze-welding. 
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Reward 


ing work! 


NI-ROD saves iron 
castings...makes 
machinable welds 


But for Ni-Rod electrodes, this pump body would 
have been scrapped at the foundry. The built-up 
oreo of the flange facing is almost indistinguish- 
able from the original cast iron. Machining, drill- 
ing ond tapping of the Ni-Rod weld deposit were 
no more difficult than similar operations in cast iron 





For welds you've never been able 
to make before . . . in high- 
phosphorus irons; heavy sections— 


NI-ROD “55” 











In the photograph above, you see a 
{5-pound gray iron pump casing 
that was rejected because a small area 
of the flange failed to fill during 


pouring. 


Instead of being scrapped, the cast- 
ing was sent to the plant’s welding 
department. There, with Ni-Rod* 
electrodes, the defective flange was 
built up and the repaired casting was 
passed to the machine shop where it 
was finished like a regular production 


prece. 


Salvage operations like this with 


Ni-Rod save time and money. 
Ni-Rod gives fast, crack-free, non- 
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Welding of Zine Base Alloy Die Castings 


® Die casting has become an accepted engineering material 


under scientific control. 


Welds in this type of material can 


also be relied upon if the proper procedure control is followed 


by Roland H. Ogden 


HI 
entirely to the manufacturing of toys and 
This 
the product 


earliest use of die « confined almost 


astings Was 

items for 

ornamentation was due, in part, to the poor 
Through the 

1 a 


oo) engineers, metal 


phvsi al prope rties ol 


operation of machine t irgists 


, pl 


uct designers, and the die casting engineers the product 
of the die industry has become a widely used 


casting 


medium for the translation of ideas into material form 


The acceptance of zine base alloy die castings for highh 
stressed functional parts has become wid 


ind 


which they ire 


espre id th it 


few relatively engineers are 


people realize ’ 


aware of, the extent to used 


ich dic { 
diver 


lo mention a few of the many uses wl 


ings have been applied we see such se items as 


tvpewriter frames, aircraft instrument parts, railroad 


{ 
to 


machine tool frames, 
We 


functional 


signal devices, toys, gears, au 
mobile parts, and food mixers 


that 


must n 


mention most important 


It does seem a littl 


that so 


that 


rt while ago 


zipper incredible many 


uses have been found for a medium appeared t 


have so little promise suc h a she 

The reason that so much faith is plac ed in die castings 
today is because wavs have been found to overcome the 
pre 
Your life, and mine, is protected and made 
able 
die « 
used in 


shortcomings of viously used methods and alloys 


by vital equipment fabricated i 


stings. Obviously with so 


isk ‘‘wha 


\ ital plac es we 


made in alloys and methods to make 


acceptance come about?” Therefore 


the question tor a moment 


Roland H. Ogden is I 
Ray M 


Present 


week 
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Di 


( 


When the 


vas of inferior quality 


industry Was in it 
Phe 


Ss miancyv the produc 


metal was “brittle,” i.e 
was | 
Only 


In 


contrast to this we can now obtain castings wherein the 


it lacked impact strength. The tensile strengt! W 


ind little or no elongation was to be expected 


castings of relatively simple design could be made 


ad 


mpact, tensile and elongation values exceed those ol 


good quality cast iron. The industry is producing cast 


ngs of the most intricate design and 


complex coring 


Die castings can be had weighing as little as those which 
make up a zipper to the recently announced die casting 


$33, in 


measuring 33 
10 Ib 


\ proper question to ask at this time 


by and weighing upward ol 


What has all 
it to the 


ind of what value is 


economically In 
the facts 


this to do with welding 


velder is we 
the 


direction which will lead to the mutual advantage of the 


answer to the question 


should considet and then take action in 


velder and the user of die castings. It appears to be ol 


ous that when a material is used to manufacture struc 


tural details and these parts are placed in service, failures 
Failure 
workmanship, 


It 


more 


will oecur mav be used design, 


mpertect al f other 


ist 


reasons also appears reaso that 


us 
more and parts are m 
place 


percentage ol I 


service 
It 


iilures will 1 


failures will take 


that 


more is not axiomatic, how 


ever, the ise On 


the 


contrary the percentage of failures will deere ise | 


will have 24 


Suppose lailu ot 


CCUUSE 
ol 
t takes 


the designe rs ned ¢ xperience in the use 


the material i functional pa! 


place in a zipper or a machin ul ow we are not 


going t 


that 


Oo suggest that vou 
ol repail 
We are 


and a 


t Zipper 


sort Work arti 


ther 
ins machine 

do fall 
shop applying 


the proper tec hnique S can make satisiactory repairs on 


suggesting, he 


host 


parts 
pal ’ 


of ot 
vithin the welders province 


zinc base alloy die castings 


‘astings 








Table 1 


Alloy No 
1 4 3 ; ) 
Commonly used Zamak 2 Zamak 3 Zamak 5 Zamak 6 Zine base 
domestie and A.S.T.M.XXI A.S.T.M. XXIII A.S.T.M. XXV Slush cast- 
foreign names S.A.E. 921 S.A.E. 903 S.A.E. 925 ing alloys 
Mazak 2 Mazak 3 Mazak 5 
Gomak 2 Gomak 3 Gomak 5 
GM-4128-M GM-4130-M GM-4129-M 
QQ-Z-363 QQ-Z-363 
luminum 3.54.5 3.5-4.3 3.5-4.3 4 10 nom 1 50-5. 00 5 25 
oppet 2.5-3.5 0.10 max 0.75-1.25 1.25 nom 0 20-0. 30 0.101 
wgnesium 0.02-0.10 0. 03-0 O08 0. 03-0. 0S Not spe None 
n 0.005 max 0 005 max 0.005 max Not sper 0 005 may 0.005 
ad 0.007 max 0.007 max 0.007 max Not spec 0.007 max 0.007 
ron 0. 100 may 0. 100 may 0.100 max Not sper 0 100 ma 0.1001 
Cadmium 0 005 max 0 005 max 0.005 max Not spec 0.005 ma 0.00 
Nickel 0 O50 may 0 050 ma 0.050 max Not spe 


Con position 


Pd-Cd-Sn 0 O10 max 0 OLO may 0.010 may Not spec 
Zine Remainder mainder Remainder Remainder 





That the idea is still prevalent among welders that The composition of a well-known weld 
white metal or, more properly, zinc base alloy cannot in the welding of zinc base alloy die castin 
be welded is not too surprising. When one considers the Table 2. It will be noted that this 


dearth of information in the literature there can be no verv closely to that of Allov 1 shown 
doubt about why the technique of making satisfactory 





welds in diecast material is practiced to such a limited lable 2 
‘ apie « 
extent. A search of the literature published in the Ger 


man, French, Russian and English languages brings to 
' { 
light less than 15 papers on the subject to date.’~* In = 2 07 
contrast to this, an article by Spraragen and Claussen Magnesiun 0.04 
I t) th) 


covermeg the period up to June a 1939, lists 124 refer 


0 OO2 


ences relative to the welding of the light metals. The us 0.04 


0 OO 
literature covering the welding of light metals has grown 


considerably since 1939 Zin Ret 





Getting back to the welding of “white metal,” if a 


part breaks it has to be repaired or replaced. Some- Experience shows that certain ad\ 
times, through obsolescence, the part cannot be re- obtained by the use of the allov shown j 
d Welding offers the ideal way of repairing the alloy, a ternary alloy, tends to be finer @ 
fractured casting. The pitfalls that beset a person who blowpipe flamx As will be noted from t 
ittempts to solder a die casting are too well known to be alloy is almost of the composition called 
reviewed to any extent here. Suffice it to say that even nary eutecti Such an allov has the 
though the parts are fastened together by soft soldering temperature of any possible combin 
the strength of the whole will be very deficient, probably major constitvients With 
tent of being useless. Welding, properly done, approximately 707-710° I 
e the parts as strong structurally as they were able assurance, expect complete 
vhen mace rhe castings can be given the same finish metal when the base 


metal is at 


given at the time of manufacture It are assuming. of course. that the 
expect that, after welding, th : solidus of 716.7-717.1° F. and a 
is good service and as long le 727.9° F.’) Sober thought will tell us t 
part tions in composition are to be 
Before ssful weld can be made i ut base metal and the filler rod 
some knowledge must be obtained concerning the com these variations in analysis an allo 
position ol the base metal ind of the welding rod tl it made for a deviation from the theoret 
to be used labl l shows the chemical composit on ol By exercising every possible precaul 
six of the zine alloys most used by industrv t : melting and alloying of the filler rod metal the 
The Compositions shown probably cover YS‘ 0 } tion 1s he ld toa very narrow range ol 
metal used by the die and slush casting industry in th care is taken for the expressed purpose 
country and abroac Of the six alle list mily t ble a melting point as possible. In tl 
find widespread use at the present time llovs listed veen the melting points of the base 
under the second ind th rd paragt iphs ( tH rt i as wide ais possible Re pe ated te 
have the greatest use with No. 1 alloy ding tor i of metal alloyed for making weld 


special purposes and to a limited extent ited thermocouples and potentiomet 
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Figure l 
a melting point spread of approximately Such a 
small range is thought to be quite unusual 
It must be recognized that there will be cases where 
the base metal will have the same or almost the same 


When this condi- 


veld must be pro- 


melting point as the rod being used 
tion exists some support under the 
vided As the welder will never know hen he 1s going 


to run into this situation he shor ld alwavs provide the 


support before he starts applying the blowpip flame to 


the work. In applying any theoretical figures relative 
to melting points to practical problems we must ust 
caution and be alert to the unexpected. In this way 


many pitfalls and failures will be avoided 


Figure 2 
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Metallographically we are fortunate In that the com- 


ponent constituents arrange themselves under the in- 


fluence of heat, in such a way that the low melting eu- 
tectic is formed first They also use up all ol the avail- 
able elements to form the maximum amount of this eu- 
tectic. This property of metals makes ll possible to get 
the homogeneity evidenced otomicrographs 
shown in Figs. 3 and 4. Thes tomicrographs were 
taken of structures obtained mmercial die 
casting shown In Fig. 1 was welde¢ rdinary shop 
conditions. The part illustrat rator door 
handle detail 


This photomi rogra 


Particular attenth be given to 
Fig. 3 magnifica- 
tion of 100 diameters, indi of demarka- 
tion between the weld meta ind th base metal is 
hardly discernible Phe mily Hect ioticeable 1s a 
slightly smaller grain size il and a de- 


crease in Porosity Phe larger whit en re the solid 


Figure 





solution constituent and it is more prevalent in the 
parent metal as is to be expected from its analysis. 
The ternary eutectic, which is the feathery looking 
stuff is very much more pronounced in the weld metal. 
Figure 4, taken at 500 diameters magnification, shows 
the eutectic quite clearly 

Getting down to the actual mechanics of making the 
weld we have to face certain facts. First the tempera- 
ture range within which we must work is rather narrow 
The range amounts to about 18 to 20° F. The nature 
of the alloys are such that if the temperature through- 
out the casting approaches the liquidus, the whole cast 
The alloys 


fortunately, relatively 


ing will collapse into a pool of molten metal 
used to muake die castings ure 
poor conductors of heat The volume conductivity 
relative to copper being approximately 27°." — Die- 
casting allovs are prone to the formation of tough tena- 
cious oxides when subjected to elevated temperatures 
a property which ean be both advantageous and exas- 
perating 

Using the various properties both advantageous and 
perverse together with some ingenuity we can bend 
them all to our will. Starting with that property of the 
alloys having a melting range rather than a sharp 
melting point, we are able to tell when the parent cast- 
ing metal is at the proper temperature to start welding 
The trick is in looking for the first molten metal which 
appears on the surface 


lo keep the whole casting from collapsing, advantage 


is taken of the heat conductivity of the casting alloy 


By combining this property of poor heat conductivity 
with flame manipulation we can more or less control 
the heated zone 

lhe formation of a tough tenacious oxide film is made 
to work for us through its tendency to support the 
mh ishy metal during the welding process The oxic 
Im mtst however he pure tured by the filler rod and 


must be removed from the immediate vicinity of the 
molten metal in the weld zone o porous we lds having 
areas of incomplete fusion will result 

Ihe preparation ol the casting at the point of failure 


for welding is of prime importance. All foreign mattet 


f 


of any origin must be removed. This matter may con 


sist of chrome or nickel plating, paint, grease oxides ot 


inv number of other things. Preparation of the surface 
may be accomplished by grinding, filing, dissolving with 
suitable solve nts or by other expedients After the cast 
ing is cleaned the break is vee’d out to an included angle 
of 45 The vee should extend all of the wav through 
the casting under all normal circumstances Che pre 
pared edge sare then serateh brushed 

If the « isting ts large and compli ited pre heating to 
ipproximately 240° F. of the whole structure is recom 
mended We must remember that the zine alloys have 
i rather large coefhicient of « \pansion ind anv localized 
heating may well cause serious distortion 

Consideration of the adjustment of the blowpipe 
flame should oce pv our attention \s 


cognizant of the propensity of the zine 


156 


loys to form oxide films at relatively low temperatures 
means of combating their formation have to be con- 
sidered. The most obvious method, and the most use- 
ful, is to make use of the blowpipe flame. To prevent o1 
at least help prevent the formation of oxides we must 
have a reducing flame. <A protective flame that is chem- 
ically reducing in its action on molten metal is produced 
by using an excess of acetylene. A soot forming condi- 
tion must be avoided at all times, however. Experi 
ments indicate that the correct adjustment is had when 
the inner cone is white and slightly bushy. The use of a 
No. 1 or No. 2 tip is recommended as adequate for most 
jobs. A larger tip may be required when re pairs are i 
ing made on large Kirksite die blocks or work of a simi 
lar nature. It is well to remember that the metal when 
at the correct temperature for welding is weak and 
without much strength. Therefore a soft lazy flame is to 
be preferred over one which is noisy and of high velocity 
The latter type of flame is likely to blow through the 
metal being worked upon. A pressure at the gages of 
2 Ib. of oxygen and 4 Ib. of acetylene appears to b 
about right. At times a slightly higher oxygen pressure 
may be required to remove the sooting tendency of the 
flame 

With the work suitably supported, the flame 
justment, any preheating that may be required 
care of, and a supply of welding rod at hand, we 
started. The blowpipe flame should be appli 
work in such a manner that a small spot is he 
the metal begins to flow. The blowpipe is no 
sideways in a manner as to cause the flame to b 
parallel to the line of weld in both the vertical 
zontal planes. Remembering that thin oxice 
over the molten metal, the end of the filler rod is thi 
through the film covering the base metal. In this 
and by a continual puddling action with the end of the 
rod the filler metal may be made to flow into the weld 
rhe method of flame adjustment and manip 
relative to the welding of die castings and vhite 
is covered ina U.S patent 

To make use of another property of zine alloys, that 
of the mushy stage, a small spatula made by hammering 
out the end of a steel or, preferably, tobin bronze weld 
Che mu 


¢ property is useful when building up bosses, sq 


ing rod and suitably rounding is required 
stag 
edges and around holes to give a few ¢ XAMpies 
this building up or shaping we must first of a 
a mass of metal around the place we wish to e1 
shape. In doing this the surface tension 
film will tend to make the mass of meta 
rounded contour. By heating the whole m 
temperature where it is just mushy or, to be 
just above the solidus, we can shape or trow 
please, the metal into the shape or form that 
By careful attention to detail the broken pa 
now be ready to be returned to service except 
for some machining or refinishing By 
eXCESS of met il on the we ld the surtace 


down by filing, grinding, machining or 


Cast nas 





that a smooth even profile will result 


the surface to match the surrounding are 


be refinished exactly as the original fins! 


Summing up the pertinent points 


] Clean the metal around the Tn 


removing any plating, paint or grease 


4 Vee out the metal to an inclu 
5 


lis to be deposited 


along the line of frac 


3. Careful attention shou 


ment ol the blow lame 


pipe 
for successful welds 
1 Apply 


pre 


the blowp 
By 


poor conductivity 


pel 


} manipu 


of the weld zone temper 


Apply the 


After 


1 


vais 


ne 


preparing 


part cal 


apphed 


( 


ilitate the flow of met 


le must be prevented I! 


Zone 


filler rods in the 


6. Serap material is 


1] f 
welding ol 


mly result in mnferior results 
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The Aircomatic Welding Process 


® Fundamentals of metal-arc transfer in inert-gas-shielded arc welding are dis- 
cussed. Methods of overcoming porosity in aluminum welding by automatic and 
manual welding as well as stainless steel, heat-resisting alloys, clad materials and 
aluminum bronze are covered. Half of the paper is devoted to specific applications 


by 1. Vuller, G. y > Gibson and E. H. Roper electrode wire having a maximum dia 
With this arrangement the gun can be 
weld in all positions The automati 


> 


Part I—Fundamentals eh er 
Fig. 2. The distinguishing feature of this 


INTRODUCTION gas nozzle assembly The automatic head ¢ 
only for flat or horizontal fillet welding. ‘This 
l HE Aircomatice process may be defined as inert-gas- can be fixed in position or mounted on 
shielded metal-are welding. A consuming electrode as shown in the photograph 
is used which differentiates this process in one re- The published literature relating to 
spect from the inert-gas-shielded welding process consuming electrodes in controlled gaseot 
vhich uses non-consuming tungsten electrodes. Funda is meager. Except for the comprehet 
mentally, the tungsten are process simply pro les a tions of Doan and associates, the ob 
protected source of heat for fusing metals. Filler metal to study the influence of surrounding 
may or may not be added to the are as an inde pe ndent 
operation The Aircomatiece process Is ¢ haracterized by 
ih mert-gus shielded are between the workpiece and a 
consumable electrode through which metal is. tr: 
ferred to the workpiece where it becomes part 
joint lhe transfer of material through the protected 
ire column increases the efficiency of heat input to the 
workpiece ove that ob ined in the tungsten are prov 
CSS This increase in efficiency is partially the result of 
the heat content of the superheated metal passing 
through the ar The resultant high intensity heat 
source permits very rapid welding 
Practical means for applying the Aircomatic process 
have been developed: one method employs a manually 
manipulated welding gun nother method uses an au- 
tomatic head Soth methods use a continuously fed 
bare wire in coil form for the electrode The imert mon 
itomic gases are suitable for shielding both helrm 
und argon ind mixtures of the se gases Cin be used Phe 
ire is shielded by a stream of gas which issues from a 
nozzle through vhich the electrode passes ‘ nozzle 
is positioned so that the yas stream shields 
does not impair visibility equipment 
welding is shown im Fig. 1 rhe wire reel, f 
and electrical controls are cont ined 
sembly Wire and gas are carried to the gun t 
flexible hose. The manual gun employs a small fl 


A. Muller, G. J. Gibson « E. H. Roper “ 
New ¥ i; oe Ol 


. us 
I 1 
Fig. 1 The aircomatic gun 
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Fig. 2 The aircomatic head 


fundamental are characteristics and weld metallurev, 
little has been done In this field s| he above investiga 
tions involved welding in an enclosed chamber. and 
showed that welding ares in inert gases were errati 

particularly when the electrode was positive. The 
metal transferred in very large drops, shallow or 1 

weld penetration was obtained and no ¢ rater Was pres 
ent under the electrode. The presence of air in the ar 
had a profound effect on penetration, crater formatio 


veld metal I 


the present process effective gas shielding is obtained by 


and the mechanical properties of th 


welding 


a flow of inert gas from a nozzle and thus 


not limited to an enclosed chamber 


CHARACTERISTICS OF THE AIRCOMATIC 
WELDING PROCESS 


\ description of the characteristics of this inert gus 
shielded metal-are welding process contributes to the 
knowledge ol fundamental are velding phenome 
This welding method is basically one of the simplest 
all metal-are welding processes. Bare filler wire is melte¢ 
ina complete ly inert atmosphere ind is efficiently trans 
ferred to the joint where the are provides sufficient he 
to fuse the plate surfaces to make effective junctior 
In all other metal-are we lding processes the met illurgy 
and are phenomena are complicated by slag-metal and 
gas-metal reactions at high temperatures from the tim« 
the metal melts off the end of the electrode until it freeze 


in the jomt \r wtion is complicated by dissoci 


recombpinatiol ol poly itomn 


No flue S 


and subsequent 
present in the ar required with the 


ert-gas-shielded ar ecause the el leaning 
tion associated with reverse pola 
usually employes for this process 


the surface oxide film from the joint 


Metal transfer in the inert vis shic lded metal 


( he mit al inaly SCs 


very efficient the electrode 
and deposited pads of undiluted 

tically identical for all the comm 

Zinc is the one important element that is not sati 
torv for welding because of the high vaporization loss 
occasioned by its low boiling point and detrimental ef 
fect on are action Even the very active element t 
nium may be recovered in the weld with fair efficier 
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when present as an alloving element in the electrode 
wire 

The most impressive feature of this inert-gas-shielded 
metal-are process is the mechanical transfer of metal 
from the electrode to the weld. The principal require- 
ment for this desirable type of metal transfer is high 
electrode current density (At a certain minimum cur- 
rent density which varies with both electrode size and 
material, transfer through the are changes from very 
large globular drops which fall off the end of the elec- 
trode toa spray ol extreme ly fine droplets which is pro- 
jected from the end of the electrode in the direction in 
which the electrode Is pointed At thi pot the are 
changes from a fluttering erratic discharge with wander- 
ing cathode spot to a steady quiet column. This are 
column has a well-defined narrow incandescent cone- 
shaped core within which the metal transfers. Two 
photographs of this are are shown in Figs. 3 and 4 
These pictures show that the direction of the inner cone 
and metal transfer follow the direction in which the 
wire 1s pointed These photographs iso show a com- 
pl te absence of spatter part les which is “al other de- 
sirable characteristic of the process for some materials 

The projected metal transfer which occurs in this 
process makes vertical ling possible 
The mechanism of met rhead welding 
has been extensively dis terature 
The accepted explanat mansion of 
gases at the tip ol in electrod las pre ded the primary 
force to project metal act overhead 
velding with killed steel and “ga ” core wires Is 
very difficult or impossibl phenomenon 
However, with this process, overhead welding is easily 
effected with aluminum, killed steel, steel and 
other essentially gas-free metals ! rehing for an 
explanation for this projected met in a high- 
current density ar | reconsider 
early theories on t "DATE I : ! I uve been 
largely discredited in tl as a ma- 
or lactor in met 


that the effective el 


pointed out 
pine h effect” 


ge enough to overcome the of the rel- 


ire hot al 


atively large molten di ; formed end of con- 


Fig. 3 (Left) Photograph of arc with the gun in a horizon- 
tal position 
Fig.4 (Right) Photograph of the are with the gun pointed 
upward at a 45° angle 
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ventional sized electrodes. The magnitude of propelling 
forces of the “pinch effect”’ is a function of the square of 
the welding current which in this process is in the same 
order of magnitude as generally used for over-head 
welding with coated electrodes This force appar- 
ently is sufficient to transfer the smaller droplets formed 
at the end of a small diameter wire operated at high cur 
rent density. For example, the threshold current for 
projected metal transfer is about 140 amp. for ell 
diameter aluminum electrode. At 120 amp. large drops 
grow on the end of the electrode which fall off at a rate 
of about 3.6 per second. Each drop represents about 
in. of melted wire. Oscillographie studies of are 
voltage and current have been made to determine drop 
interval. The results indicate that the projected trans- 
fer involves a succession of discrete drople ts of uniiorm 
At a current of 140 amp. the 


transfer changes rather abruptly so that all the metal 


size lor any given current 
will transfer through a ! yin horizontal are and be de- 
posited on a vertical plate. At this current the droplets 
travel through the are at a rate of 34 per second with 
\t 160 amp 


the transfer rate is 49 per second with 0.05 in. of wire 


0.07 in. of wire contained in each droplet 
in each drop. At 140 amp. these drops are visibly dis- 
eernible in the are but at 160 amp. they cannot be dis- 
tinguished 

The problem of lack of weld penetration which was 
noted in early investigations has been solved with the 
development of this process. Even in the low range of 
welding currents the use of high-current density estab- 
lishes a stable-are column with a well-defined cathode 


Spot on the workpiece so that the work is alwavs fused 


where metal is deposited. The photographs of the are 
in Figs. 3 and 4 illustrate the narrow stable are core 
which concentrates heating at a tocalized rezion of the 
workpiece 
ing of fully fused small fillet welds in relatively heavy 


This particular property permits the mak- 


material and the building-up of butt welds in narrow 
grooves. The amount of penetration for a given current 
¢an be controlled by are length and the choice of shield 
ing gas. At the same current and are length, are volt- 
age is higher with helium shielding than with argon and 
the resulting increased energy with helium produces 
deeper penetration. This has advantages for welding 
high conductivity metals such as aluminum and for 
making small welds in other metals. Argon has ad- 
Vantages in that the are is usually smoother with less 
spatter and is more desirable for welding where mini 
mum penetration is required 

The presence of a crater under the are is not necessary 
lor obtaining adequate penetration with this process 
In the lower current range up to about 200 amp. th 
presence of a crater is not particularly noticeable 
However, at currents in the 600-amp. range, particu 
larly in aluminum, the craters are as much as in. in 
depth Craters are also present in steel welding 
Craters are apparently caused by the pressure from the 
are and their size is primarily a function of current and 
the material being welded 


Another very interesting phenomenon “associited 
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130 200 eo . 380 
ELECTRODE BURN-OFF RATE- IN / MIN 
Fig. 5 Effect of are voltage on burn-off rate for constant 
current 
with ine rt-gas-shielded ares of high-current density 
the effect of arc 
This relationship is shown in the 


voltage on the burn-off 
electrode 


Fig. 5. This chart shows a very substantial 


in burn-oft rate with increased are voltage for 

eurrent \ p ssible explanation for this oc 

that with long are lengths much less radiant ene! 

absorbed by the end ol the electrode This pi 

characteristic together with rapid electrode 

rates and the drooping current-voltage characte! 

ot conventional d -(’ welding generator sets Makes pos 

sible a simple method of are length control Wher 

proper are is established it is automatically maintained 

without further adjustment The self-regulating char 

acteristics of the process automatically compensate 

changes resulting from unevenness in the work 

steadiness of the operator The wire feed spec 

proper are length remains constant irrespective 

occurs at the welding are. Accidental changes 

in an increase in are length increase the ari 

This is accompanied by both a decrease in we 

rent and burn-off rate resulting from this re 

rent and a further decrease in burn-off rate 

from the increased are voltage as indicated 

Phe balance between feed sper d and burn-oft 

set and the are shortens to its original lengt 

ve rselv, the opposite happ ns Udo an accidenta 

occurs which decreases the are length Phi 

self-regulation makes the process essentially 

This method of control is not sensitive to 

torque required to feed the wire and cannot 

cause mechanical inertia is not involved \ detailed 
1 +} 


analysis of the self-regulation phenomena is beyond the 


scope of this presentation 
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Most of the characteristics of Aircomatic weldi vy a T t t 
vhich have been described pertain to the operation of PLATE & 43S WIRE FILLER 
the manual gun in which they are used to maximum ad 2 


7 


intawge ‘| he same pring iples mav : Ise a used 
mechanically controlled welding operations vhere 
gun or its equivalent are fixed in position However, 
ipplications requiring 400 amp. o ind for 
sizes greater thar nh. a conve 


s preferred 
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rrent dens 


HARDNESS - 


ranstle 
summarizing, 


ng Process POssesses certain unique 


hich gives this process many ud 


ROCKWELL 


methods of we lding which inelude simp 


speed of welding, ind deposit mn efficiency { ito : ‘ + 


the process Is a’ pli ible toa Variety ot met ils heretofore a Sie as AIRCOMATIC 
! ° me | ’ + 


considered difficult to fabricate +—4 ' t 
PP weviwece 


ALUMINUM 


‘ 5 
” INTERVALS 
The Aircomatic process was first ie 


ing of aluminum. The simple sti 
Fig.6 Comparative hardness traverses of alaminum butt 


such as 28, 3S, 48 and 52S as well as the 


welds made with the aircomatic and tungsten-are processes 
cide type age hardening alloy, 61S, 
Other high strength precipitation hardening 


uning coppel and zine are not considered readily ld this operat i legree ! allovil lepends on the 


ible and have not vet been Inve iv d The elect ne relative amount Dias n i melted te t imount ol 


ire Compositions ) Linas re comme! filler metal added leg of m Cal con- 
cially pure alumi , 28, and 5°, llov, trolled by joint ce 
mmmercially Tt uml Vil s used for 
28, 38 al le 1 tl gher strengt 
vire is used for the higher strength allovs 
Aluminum welding with ss is simple 


straightforward. Chemical analys f wire and 

diluted weld pad deposits are ctically identi¢ : process ul two square 
shown in Table I. When aw is made in a joint the bu ! te using 435 wire; 
illoys present in the fused ‘ " rT ! lat is wel t con we proce ind the 
in the weld metal. This mixing s tl y ot r ngstel OCS urd traverses 
28 weld metal i i ise velding 5 t I ol . that tl ‘ ‘ ct in the 


618 pl: ined ! i ul g eld } iffer Oo ( { n eld both 


tor in at 1s ‘ TT byly t ng ener - ha | rie y l im veld 


»con 


is problem invol i l { methods for 





ng porosity iluminum w vdrogen has 


lable lI—Chemical Analyses of Aluminum Electrode Wire, 


Plate and Weld Metal 
Huimin 


ys. Hy 
nsible tor 
Irom any 
resulting 
iluminum, 
the solid 


ning 


tempera 


helded 





Hi] 





metal-are welding process, some of the escaping gas may 
be trapped forming spherical gas pockets in the weld 
Vacuum-fusion analyses of the gas extracted from por- 
ous weld samples have shown hydrogen to be present in 
sufficient amounts to account for porosity 

The complete elimination of hydrogen and hydrogen 
containing compounds from the are is extremely dif- 
ficult Possible sources of hydrogen include the shield- 
ing gas, hydrocarbons on the wire or base metal, and 
idsorbed water vapor on the oxide film of both wire and 
pl ile Tests have shown that the purity of argon and 
helium now commercially available for welding does not 
contribute to porosity Complete degreasing of the 
vire prior to welding results in a marked improvement 
in weld porosity and the use of cleaned wire stripped of 


Water is 


contained in combination in the oxide film present on 


its oxide film still further reduces porosity 


aluminum which has been exposed to moist al This 
combined water usually is present either as a monohy- 
drate, ALO,-H.O, or a trihydrate, ALO; 3H.O, both of 
which dissociate in the are producing hydrogen The 
effect of cleaning the joint surfaces is not as marked as 
that of cleaning the wire because the effective surface 
area involved is much less than that of the small diame 
ter wire used for welding 

Che most effective method for control of weld poros- 
itv is by using a welding procedure and technique which 
promotes the escape ol the gas before the surface of the 
metal freezes In general this technique involves agi- 
tating the weld puddle to promote the elimination of 
gas bubbles With proper technique and clean wire 
that has been protected from excessive atmosphe ric ex 
posure, 


sition which are acceptable under pressure vessel stand- 


sound welds can be readily made in the flat po- 


ards. Elimination of porosity in vertical and overhead 
welding is more difficult because welding techniques are 
limited to those resulting in quick freezing of the weld 
metal so that it will not run out of the jot Fortu- 
nately the welding procedures found best for eliminating 


not detri 


Porosity in the flat and horizontal Position ar 


Mental to weld appearance or production rates \ 


group of test specimens made to qualify the process for 
fillet welds for pressure vessel fabrication are shown in 


Fig. 7 


Pressure vessel qualification test specimens, 


1.S8.7.M., Part 1X, Fig. Q-4 and Q-5 


, Rope 


If no particular precautions are taken to make sound 


deposits, welds are obtained which exhibit «¢ 


tensile properties and which are suitable for 
This is particularly true for fillet 


When the porosity 


cessive the ductility and toughness ot such 


plications 
made with the manual gun 


appreciably less than comparable sound welds 


Manual Welding 


At present the range of the Aircomati« 


Fig. 8 Photograph of a 2-pass ° .-in. fillet weld in I-in 
aluminum plate made in the flat position 


Fig. 9 Photograph of a single-pass, -in. aluminum 
fillet weld made in the horizontal position 


Fig. 10 Photograph of a -in. aluminum fillet weld 


made in the vertical position 
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ing aluminum extends from minimum ol 


maximum thickness available ll types of 


f commor 

ised butt and fillet joints can the metho e ALLOW 5% LOSSES 
is particularly adapted for welding ir ms LOSSES FOR HELIUM 
which are impossible to re: ee 


Welds can be mad 
vertical and overhea l 
erate and less skill is required to n 
ll all positions than vith coatec 
The process is particularly 


fillet welds Attracti ‘ ipp 
in read 


peeds. Typical examples of s 


sion and strength ¢ 


per minu 

HV about 2 it 
high speeds 

been found desirable 


20 to 24 in. per mir 





Fable 1l—Manual Welding Procedures for Aluminum and 


: 60 rs 
Aluminum Alloys 
CURRENT ~ ames. 
i ’ frerage welding rates, in. diameter 2S or 
wire 





selection of 


Pable Il may be used 
Helium is generally preferred 
Ltuse better 


produced and the 


tendency for poros 
times desirable to m 3 ! I i heli 
provide a smoothe! The p 
velding current root 
and produce a weld with ippea 
Exeess current makes manipulat 


nt undercuttir 


poorly shaped welds Phe 


g, 1 through 


JRRENT Lt] AMPS 
correct length is u uv welding rates, -in 
ty A | re 


int in eliminating porosi 


diameter 


be used; preferably bet 


between 

making small fillet elds 
ved butt weld 

\ detail 

outside the scope of this present 

irc should be ma ipulated in a 

secure the maximum amount of s 

weld puddle which permits gases in the meta 


Burn-off rates for 


are shown ol the cl 


burn-off curves are 


x 
wire feed speed rate ) . { ) ‘ ] I ‘ ) mens 1s 
indicate the melting r: I re fo I \ 


) y I! Dl té YL ! he tees 
used Depositior rates ar roductior osts ! re i] iN mmew hat 
calculated from the charts by ivi i riate 


eprese nt 
| f 
loss tac 


im | I mum i t 1 i ( i! tand 
spatter ( 1 ho 


lation 
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Sectional view of a thick fillet weld shear test specimen 


} TABLE 4 also presented 
PROCEDURES AND SHEAR STRENGTHS OF FILLET WELDS MADE WITH THE AIRCOMATIC GUN 
T BREAKING LOA T SHEAR STRENGTH 

2 
LOS /IN ot the deep penetration ol 


pare | ii J rucer] weco | wevium | wecc PEE tative joints in 
THICK 9 SIZE CURRENT!) FLOW 0 % ARC TIME BS AN 
POSITION . —_ 
N N AMPS CrH in./MIN | FT / HR 
. > + + + 


cess is taken for 


HEAT TREATED | AS WELOEC HEAT TREATED 


speeds and to ol 
weld metal witl 


example of the ca 
] 


cess tor weldu 


grooves Is show! 


sections of the 
and the weld 

in the table 

and 17. ‘The 
joints were welded 


20 000 compared to ¢ 


8 500 The tensile s 


are comparatl 
the plate He 

SEC FoR 6 sté SPECIMENS ; , ; : 618-16 plate 
REATMENT AFTER pe FOR 61S SPECIMENS- SOLUTION TREATEC , the full) stre 


AGE 6 woves ar heat-tre ited 


imelude wtual welding speeds at which these fillets wer 
made in the flat, horizontal, vertical and overhead posi 
tions The heat treatment of the 61S8-T6 plate Sper 
mens increased the shear strengths of the elds consid 
erably, indicating considerable alloving with the 
All of the specimens failed by shearing thro 
throat of the welds The shear strength 
calculated on the measured fractured areas of 


below the root of the fillet \ mac 


rosect 


=¥E 


double-tee joint in l-in. 38F plate is shown 


BE 


Ihe penetration in this weld extends consider 


low the root of the fillet The shear strength obtained 


in this weld made with 28 wire is proportionately 


Resear 


grentet than the strengths of the smaller specimens 


t 


welded with 438 wire, based on the respec 
strengths of these materials This ist 
penetration but of better alignment ot 
made of the heavier plate material The 
were all acceptably sound and compar 

of structural steel welds made 


} 
ectrodes 


Vhe mechanical properties ot touitt 
Position with this Process ure on 
“ Weld section of the l-in. fillet weld shear test 


specimen 





Fig. 15 Manual multipass weld in a 


TABLE 
PROPERTIES 
AIRCOMATIC 

Gas. | 
FLOW 
CFH 


Vv 
F ALUMINUM BUTT 


GUN 


AND MECHANICAL 


CURRENT AR 
Pass F 
AMPS VOLTAGE 
N 


© SPEEDS ARE COMPOSITE FOR ALL BEADS AT 100% 
CHIPPING ROOTS WELD REINFORCEMENT REMOVEL N 
* Heat TREATMENT- SOLUTION TREATED aT 970°F- WATER 


ARC TIM 


\4 AL we 
TENSILE SPECIMENS 


of 2S welds made in 28 and 
the ot the 
\ side bend-test specimen of a l 


The ol 


ductility 


35 plate 


ficient to permit st standard guided by 


test in. 3S weld 


shown in Fig. 18 ductility welds in 61S-T6 


plate welded with 438 wire is too low to make the stand 


d 


ard welded joint bend tests applicable Radiographs 


Fiz. 16 Macrosection of a manual 4-pass weld in I-in. 


thick 3S aluminum plate 
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STRENGTH 
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TENSILE 
FRACTURE) 


futomatic Welding 


t the 
alumi- 

it of other 
principally 
s involy- 
in the 
rates 
inge 
head 
head 
Oolits mn 
thi k- 


made 


for 


tui! 


is from 3800 to 690 amp 
2 ) PLATE 
25 900 | PLATE 
42 00O*) wELC 
38 4008| WELC 
| ) i t : un be 


th difficult, 


ll 
— MADE wiTHOUT | 
ci 


» Ise 


The head uses 
The 
81Ze Can be use d ove 
Metal the 


globular 


and this 
head 
be 
weld- 


rate 


diameter most ria il size | in 
of the 
tends lo 
or flat 


mtrols the 


uurrent 


Is pre 


ipment ¢ 


transtier mn 
ste! 


This type ol tral u 


ng with the head since this ¢ (jI 
of feed by voltage 


Welding rates and productiot 


are 
calculated 
from the de position chart sho Helium is 
preferred to argon tor pi velding 


The 


“eu 


re heat is higher tor ; ire length, 


Fig. 17 Macrosection of a manual square-butt joint in 


in. thick, 618 aluminum plate 


ircomaliu elLatiig 5 
1 tic Welding it 





Fig. 18 


Side-bend test of a manual l-in. aluminum butt 
joint 


weld 

With argon shielding the 
beads tend to be convex and the edges do not wet in 
Highet 1 with 


he lium, and lor a given job the maximum we lding spet d 


penet! ition Is deep r. and the edge of the 


inh 
] 
vel 


smoothly with the plate 


smoothly welding currents can be use 
is appreciably faster with helium than with argor 


‘| he 


mace 


} 


procedure used for a few typical 
head Table \ 


joint designs are suc h as to take full advantage 


Wwe lding 


with the are tabulated in 


deep penett ition characteristics of the process 
‘| he 


grooves are designed to permit the required pen 


root chipping of these joints is required 


and pro ide a space fot the deposited metal so t 
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ALLOW 10% LOSSES FOR 
CALCULATING DEPOSIT RATES 
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RATE - */HR.- 100% ARC TIME 
ro] 


HELIUM SHIELDED 


MELTING 
@ 











500 
IN AMPERES 


300 400 
CURRENT 


tverage welding rates -in. diameter aiuminum 
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oint in l-in. 38 plate made with Standard 
V-not hed Charpy sper imens were I with the 
trans the axis of the 


notch cut in the weld metal 
weld and parallel to the plate surface 


these tests are shown in Table VII 


results ol 





Table VII—V-Notched Charpy Impact Strength of 
Aluminum Weld Metal 


Fig. 20 (A) Photograph of a group of weld test specimens 
in heavy aluminum plate made with the aircomatic head 





STAINLESS STEELS 


ll of the commercial austenitic type 
n be suecesstully welded ie Process. 


formed in all 


Welding with the manual 


positions. Preheat is not ding. It is 


necessary to use controle ipositions to 

void the cracking difficulties commonly encountered in 
velding stainless steel ch must be 
observed are similar in e used in 
balancing core wire compo ectrodes, 


| oss of ele- 


Fig. 20 (B)  Side-bend test specimens of a 1’ »-in. 2-pass 
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lable VilI—Welding Procedure for Austenitic Stainless Steels 


Plate r Current 

thickness Welding } ling 
m posi on 

All 0 035 ‘ < 220-310 

l Va 0 035 20-: 221)- 2600) 

l Véo 0 045 20-% 150-200 

Fa u 0 045 1 : 210-440 

I 


ind up iH 0 062 5 240-330 





which further illustrates the high welding speed which 

can be attained with this process. Figure 23 shows a 
typical multipass fillet weld made in '/2-in. Type 321 
18-STi) plate welded in the vertical-up position. This 
weld was made using 0.035-in. diameter Type 321 

fed at 250 in. per minute, current of 115 amp 


age of 21 v., and travel speed of 4 in. per minute 


Fig. 21) Macrosection of a square butt jointin ' »-in. thick 
stainless steel made with -in. electrode wire 


are required to weld a '/2-in. beveled butt joint. Where 
Minimum dilution is important, current and are voltage 


may be controlled so that the deposited metal may be 


deposited with little penetration. In general a low- 
current long-are tends to deposit metal with little pen 
€tration whereas a high-current short-are penetrates 
deeply Ability to operate a given electrode filler wire 
at a variety of current and voltage conditions permits 
control of penetration to a degree that cannot be ap- 
proache d with conventional coated electrodes 

lypical welding conditions for various thicknesses of 
stainless steel plate are shown in Table VILL. Both ar 
gon and helium are used for shielding gases with argon 
preferred for welding plates above '/5 in. thick and he 
lium preferred for the thinner materials. Data are con- 
tained in the last column of the table which show the 
high deposition rates and hence rapid welding speeds 
Which are characteristic of the Aireomatic process 
] OSne s duc to spatter and vaporization average less than 
1‘, when welding stainless alloys 

Welding technique is similar to that conventionally 
used in welding stainless steels with coated clectrodes 
The usual control of heat input must be observed when 
the sensitive’ or unstabilized alloys are welded lig- 
ure 22 shows a typical butt joint made in the flat posi 
tion in '/-in. thick, Type 316 (18-8 Mo) plate using 
Pype 316 wire. This weld was made in the flat position 
using 0.062-in. diameter wire fed at 240 in. per minute 
i current of 380 amp., are voltage of 34 v., and travel 


speed of LL in. per minute rhe electrode wire feed rate 


used corresponds to a deposition rate of 12.6 1b r hour 


Fig. 22) Photograph of a typical butt joint in stainless Fig. 23) Photograph of a multipass fillet weld in stainless 
steel made in the flat position steel made in the “vertical-up™ position 
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Fable IXN—Chemical Composition of Austenitic Stainless Steel Filler Wire and of Resulting Weld Deposit 


V/S/ type Sample ( R - 
347 Wire 068 9 64 

347 Weld O59 1.13 AS 58 

302-B Wire Oo} 1 41 ’ 69 

302-B Weld 2 l a ‘ | 

308 T Wir O75 

308 Ti Weld 0.080 





Fig. 25 Macrosection of a “vertical-down™ fillet in ', y-in. 
thick stainless steel showing complete penetration 


narrower limits to prevent cracking of the weld deposits 


during cooling. This limitation is well known to fabri- 


cators and manufacturers of coated stainless electrodes. 


Balancing the Cr-Ni ratio to insure the presence of delta 
ferrite in the deposited weld metal eliminates cracking in 
the 18°, Cr-8°, Ni type alloys. Proper adjustment 


( 


of the carbon, silicon and phosphor nt prevents 


es = 


_ 
4 


cracking when depositing the 25°, Cr 20°, Nialloy 
With this inert-gas-shielded meta! 


the elements present in the electrode wire are trans- 


5 
| 


ferred with practically L0O°, recovery except titanium. 


Titanium can be transferred across the are and recov- 
ered to the extent of about OU", in t veld deposit 
This high efficiency for titanium t innot be ob- 
tained with coated electrodes ‘h 11) to transter 

tanium in large quantities perm) of titanlum 
stabilized wire tol velding iti which mav be of con- 
siderable importance should olumbium shortage de- 


elop ‘able LX illustrates high-transfer efficiency 


Skew tbs & 


or various chemical elements pt for reduced ti- 
tanium, weld deposits made with tl ocess have the 
sume chemical analvsis ! v1 . lor velding 
This ability ta. deposit a carefully controlled predeter- 
mined chemical analysis of eld metal is believed to be 
f considerable Importance In applications vhere crit- 
Fig. 24 Photograph of a “vertical-down™ fillet weld 4] corrosion or high-tem iture expansion problems 
-in. stainless steel 

ire encountered 


metal of excellent quality can be ce Stainless steel wv Is mi ith t Process POSSESS 
conditions Wiemie 94 shows a tv ly ‘cal 1] excellent properties h the mechanical 
single-pass fillet weld made in late using properties of all weld-metal t specimens made in 
rent of 152 amp., are voltag ts vel speed of Type 304 (18-8 plate is . I ) trode wire 
in r minute. electrode fee 250) iy r mint lensile and vield strengths « ea lded metal are 
helium for shielding higher than those ¢ inneales met Ductili- 


to the fact that vertical-down du in be perte 





with good penetration Owl : 1. thick plat lable \—Mechanical Properties of All Weld Metal Type 
in Fig. 25. This type of iw generally cannot OF Deposits 
satisfactorily accomplished vith « iter rodes ey nealed* 
cept in very thin sheet 

Che chemical composit 


welding austenitic 
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Fig. 26 Photographic of stainless steel all-weld metal 
tensile and guided-bend test specimens 


ties are high for both as-welded and annealed specimens 
ais shown by the elongation and red ition in area figures 
Photographs of the as-welded and annealed tensile bars 


after testing are shown in Fig. 26. The results of testing 
typical transverse test specimens and face and root-bend 
These specimens 


IS-S Ch) and 


test bars are also shown in this figure 
were prepared using */s-in. type 347 plate 
Type 304 wire. The average transverse tensile strength 
ol duplicate test bars was 85,000 psi. The tests were 
made with reinforcement removed. Failure occurred in 
the weld metal Face and root-bend specimens with 
stood a ISO° bend. 

In order to determine the toughness of stainless- 
steel we ld deposits at room and subzero temperatures 
transverse V-notched Charpy test specimens were 
tested at several temperatures. rhe notch was located 
at the center of the weld metal with its axis perpendi u- 
The impact strengths at tem- 
peratures ranging from 67> to 320° BF. are 


Table XI and presented graphically in Fig. 27. The V- 
notched 


lar to the plate surtace 


shown in 


harpy impact strengths of lype 304 weld 


metal ranged from 107 ft.-lb. at room temperature to 36 





lable \l—Impact Strength of Type 304 Weld Metal 
/ t te wrature Impact 





29 Radiograph of a typical weld in Type 347 
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V-NOTCH CHARPY 


TEST TEMPERATURE — °F 
Influence of temperature on v-notch Charpy 
impact strength of Type 304 weld metal 


Fig. 27 


ft.-lb. at the temperature of liquid nitrogen 
dence of transition to brittle behavior occur 
range of temperature. In general, the 
properties ol stainle teel welds made with the 
matic process are equal or slightly superior t 
tained with conventional coated electrodes 

The microstructure of as-deposited Iyvpe 304 


comprises delta ferrite and traces of carbide in 


: Se pg wie AS 
oe oh Xt" pou = 
OE, / | ps 


Fig. 28 Microstructure of as-deposited, Type 304 weld 
metal showing delta ferrite and trace of carbide in the 
austenitic matrix. <x 500 


stainless welded with Type 347 electrode wire 
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tenitic matrix as shown in Fig. 28 The weld metal is 


relatively free from inclusions and is sound Porositv is 
not a serious problem in welding : itic stainless 


steels toa consider ible de gree in 


Hydrog nh is soluble 
solid austenitic stainless steel, therefore, no trouble is ex 
perienced from this element such as is encountered in 
welding aluminum. Poor welding techniq | 
rough ares and improper shielding may lead to porosity 
\ radiograph showing a typical weld made using Type 


347 plate and 347 wire is shown in Fig 


no porosity is evident and no difficulty 
making similar quality welds in the 
down and overhead positions Wi 
tions and suitable fille 

duce velds which siti 
requirements of ex 


Ing 
Heat Resisting Alloys 


of h oh-te mperat 
S-590 heat-resist 
Phe no 


is O.5OC,, ¢ 


macrosection of a weld made 
ing alloy using 0.078-in. diametet 5 ire 
inal chemical composition of 

0.6% Mn, 0.2% Si, 20° Cr, 20% ; 20% 


Mo, 4°, W and 4°, Cb Chis joint 


using the customary high preheat emplo 


1 mace 


materials of this type Phe joint d 


hig. 30 (4) Ma- 
‘ rograph of a 
weld in I in 
thick S-590 heat- 
resisting alloy 
using S-590 elec- 


trode wire 


78< 


| 
5 
Sees esy 
BACKING 


ENLARGED DETAIL OF JOINT 
30 (B) Details of the joint design of the above I-in 
butt weld in 8-590 alloy 
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lable X1l—Welding Procedure for l-In. 5-590 Plate 
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oefficient properties 
ated temperature minin design and operating 
1es The red rements for 
omts under ond ons oO re restramt 
simplifies weld remains to 


illoys it 


in the field ot 


it t I process 


naterials. 


> nickel- 

is made 

ent of 350 

ide are 

minute. 

re- 

1\ ol the 

n jomts ol 

bead on the 

Where 

ligure 

may be 

exercised in vere de- 
posited on 10°, kel-clad ( h nickel wire using 
velding conditio penetra- 
tion, meditim peneti penetration. 


Chis flexibility permit te col dilution m 


VMacrosection of a square butt joint in 
thick nickel clad steel 


Fig.32 Bead welds on nickel clad steel showing the degree 
of control of penetration and dilution with the aircomatic 


process 
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to be surprisingly simple and some excellent results 
have been obtained. The equipment required is essen- 
tially the same as that necessary for welding aluminum 
Two aluminum-bronze. welding wire analyses have been 
used successfully for overlay and joining purposes. One 
analysis, an a-8 type composition, contains about 10° 
aluminum, 1°% iron and the balance copper; the other 
is an @ bronze containing 8°; aluminum without iron 
Welded joints have been made in aluminum bronze, 
carbon steel and propeller-type bronze. Various metals 
have been surfaced with welded overlays suitable for 
bearing purposes including mild steel, gray cast iron, 
deoxidized copper, naval brass and manganese-bronze 
marine propeller casting alloy. No attempt has vet 
been made to deposit hard abrasion resistant overlays 
of higher aluminum content. 
The metallurgy of aluminum-bronze welds is quite 
complex, particularly when welding dissimilar metals 
Chemical analyses of wire and deposited metal show 
that no aluminum is lost during deposition but that al hig. 34) Microstructure between the first and sec ond layers 
loving with the base metal may be considerable, par- of aluminum bronze on the ae specimen as Fig. 33. 
ticularly in the first pass. The amount of alloying can 
be controlled by the welding technique and usually can a fax’ “Seen Fi 
be limited to the first laver of an overlay. The presence : POR sage 
of iron in aluminum bronze acts as a grain refiner and 
tends to harden and strengthen the metal. On all of 
the metals surfaced with aluminum bronze, a sound 
tightly adherent bond was obtained and no cracking was 
observed. The microstructure of an aluminum bronze 
overlay on mild steel is shown in Fig. 33. The overlay 
portion consists of an a@ solid solution matrix containing 
dark etching eutectoid. The zone between the first and 
second layers of this deposit is shown in Fig. 34 and 
contains less euteetoid 
Che bond zone in cast iron is sharp, but the overlay 
contains globules of cast iron. The microstructure of 
the bond zone of an overlay on copper is shown in Fig. 


35. This photomicrograph shows some grain boundary 


*. 35) Wierostructure of the bond zone of an aluminum- 
bronze overlay on a copper plate. x 250 


continuity across the interface The interface 
overlay on bronze propeller alloy shows diffusion ¢ 
into the aluminum bronze All of these overlay 
sound on radiographic examination 

When aluminum bronze wire is deposited 
process the are characteristics are very good 
preterred to helium for shie lding 


smoother and there Is practi LLIN 


Fig. 36 Photomacro 
graph of vertical and 
horizontal fillet welds 
in in. aluminum- 
bronze plate 


Fig. 33) Microstructure of the bond sone of an aluminum 
bronze overlay on mild steel plate. 250 
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Macrosection of a 3-layer overlay of aluminum 


bronse on a -in. steel plate 


beads are produced which hi ve ismooth surtace indi fh 
At 200 amp and above the are has a 
smooth spray-like projected metal t insfer with 0.062 


Welds can readily be made in the 


bright gold color 


in. diameter wire 
vertical position with 0.035-in. diameter wire. Figure 
36 shows fillet weld cross sections made in aluminum 
bronze plate in the horizontal and vertical positions 
Sound weld deposits in the flat position can be made 
over a wide current range, the are length and manipula 
Base n et il all Ving can be kept it 


vith a ackhand” technique 


tion are not critical 
a minimum by welding 
whereby the gun is pointed back from the direction o 
travel so that the are impinges on previously deposite+ 
metal and the added metal runs ahead under the at 
rhe uniformity of the fusion zone can be seen on 
macrosection of a 3 lave overlay deposit on a 
steel plate shown in I ig 37 The smoothness of the 
posited beads and the soundness of the deposit 
shown in the photograph of this deposit in Fig. 38 
rhe rate of depositing aluminum-bronze weld met 
is high Surn-off and deposition rates for O0.062-in. wire 
are shown In Table XIII 


be deposited with the Aircomat 


Aluminum bronze in larger 


wire diameters can | 


head Excess dilution of the base metal limits the « 


nT 








Table XU1—Burn-Off and Deposition Rates for 0.062-In. 


Aluminum-Bronze Wire 


De} 





Fig. 38 Photograph of the overlay on steel 


Table XIV—All-Weld Metal Properties of Aluminum- 
Bronze Deposit on -In. Mild Steel Plate 





rents that can be | sing the 
automatic head at : rrent of 5SO amp with gin 


wire deposits can be minimum dilution 


holding a square built-up edge 
Che mechanical properties of a 1 bronze welds 
are excellent All-weld meta test wo types ol 
aluminum bronze deposits made are shown in 
Table XIN The first spec was welded with a 
technique that produced considerable plate metal dilu- 
vith a different 


tion The second specimen Was mace 


wire analysis and welded with a technique to minimize 


plate metal dilution. The differences in aluminum and 


iron content ot the resulting deposits is reflected in 
their respective met hanical properties It is interesting 
to note that the increased alloy content has caused the 
strength to increase at a higher rate than the ductility 
decreased 

\ 60° V-grooved butt joint with backing was braze 
welded from one side in mild Stet li with aluminum- 
bronze wire. Standard reduced sectis nsile tests and 
guided-bend test specimens were prepared from the test 
joint Because the bronze is stronge! than the steel the 


t 


tensile specimens broke outside the weld in the plate ma- 


terial at an average strength of 66,000 psi Both face 
ind root-bend specimens bent ISO° without cracking 
\ photograph of these test specimens is shown in Fig 
ju These tests demonstrate the effectiveness of the 
bond between the bronze and steel No mechanical 
tests other than hardness were made of the overlay 
sper mens ol coppel enst iron or bronze prope ller alloy, 
tut Visual microexamination showed no cracking 


The 


showing the smoothness of the beads and the soundness of the metal on 


the machined surface 
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a special problem. If the arc impinges directly on the \ macrosection of a butt weld made in this mater 
base metal, some of the zine is vaporized which disturbs ing aluminum-bronze electrode is shown in Fig 
the are making it rough and causing an excessive preheat or flux is necessary for this type of 
amount of spatter. However, if the current for the which is extremely difficult to perform by 
first layer of a deposit is kept low (about 170 amp.) and known welding method 
the back-hand welding procedure described for mini- 


mum dilution is followed, a satisfactorv laver ean be 
applied. After the first layer the current may 
ere ised to any prac tical value and the we lding WW 


ceed smoothly as with other materials An overla - INTRODUCTION 


posit ol aluminum bronze on a section of a hea, 


Part II—Applications 


Since the announcement of the A 

manganese-bronze propeller blade is shown in 
yvear ago considerable expe rrenece 
plication has been obtained. It 
process would find application 
heavy sections of aluminum wet 
it would find acceptance and on 
fabrication it would be used was 

Although there has been only ve 
metal-are welding to find its place relat 
welding methods it Is alre idy establi 


of fields principally on two broad count 


l Care itly nere ised speed 
lower over-all costs of 
Reduced distortion and a « 


lower costs after we lding 


The typical applications to be de 
these points and show how this new 


lace in harmony with other methods 
hig. 39 Photograph of bronse-welded steel guided-bend , 
and tensile test specimens for which they are not entirely 


ta 


Fig. 40) Macrosection of an aluminum-bronze overlay on manganese bronze. (ftetual size) 


Fig. 41 


Macrosection of a butt joint in section of a manganese-bronse propeller welded with aluminium-bronze wire 
( fetual size) 
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EQUIPMENT AND TECHNIQUE OF WELDING 


To some extent the apparatus and its method of use 
techni il 


described in the 
warranted here 
The gun of the equipment shown in Fig. 1 of Part I of 


12 When the OonDp- 


previously been 
>a detailed description is not 


have 


press 


this paper is better depicted in Fig 
erator is ready to weld, he squeezes the trigger, thus 
closing control circuits that start the flow of shielding 
re to the pro 


gas and apply open-circuit welding volta 
truding filler metal wire. This latter is scratched on the 


The manual gun showing the wire electrode pro- 
truding from the gas nozzle 


Fig. 42 


With the establishment of 


work initiating the ar 
s and continues as long as the 


voltage wire feed begit 


voltage exists, unless the operator releases the 


The instant that wire feed begins the operator manipu 


Fig. 43) Making a two-pass weld vertically upward on I-in 
thick 2S aluminum 
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lates the gun to p 
is in Fig. 43 where the second pass of 
veld is being made in the bott 


shown under construction 


gained Phe 


fluminum formaldehyde storage tanks 4 x 35 ft. 


under construction. Welding unit is inside 


lace the filler metal where desired 
al butt 


the tank 


' 


SIMPLE STRUCTURAL APPLICATIONS 


Qn this outdoor app Was 
iluminum ta 4 is now 
10 ft. high x 35 ft. in diamet ourses are of 
lin. 28 materi itdoor work had 
been solved soonet have been 
velded by the gas-shielded metallic-: process, but 
instead the contractor had to ire and gus 
welding in order to complete the job on time. One of 
the things learned was that the operation must have 
some sort of crude windbreak to preserve the proper 
15 where the opera- 


ras as in Fig 


yon 


eoverage ol shic lding 


{ tarpaulin is used to break the force of the wind 


on outdoor work 





Fig. 46 Unassembled and completed brackets of 618 
welded on both ends 


tor is welding a vertical butt prepared using a double 
OO° Vee with -In. root tace 


frame breaks the force of the wind. The s-In. 258 


\ tarpaulin on a wooden 


filler wire is fed at about 200 in. per minute using a 
welding current of 190 amp. This gives a high deposi 
tion rate of 3.7 lb. per are hour. Here argon (33 ecu. ft 
hr.) was used as the shielding gas, although in the light 
of present knowledge, the recommendation now would 
be to use helium. Reversed polarity direct current is 
used for all aluminum work 

\ very simple facrication (Fig. 46) of aluminum 


brackets illustrates some of the economies possible with 


Twenty four inches of '/,-in. fillet welding requires 


two minutes on these brackets 


Fig. 48 Halves of aluminum space heater element prior 
to assembly. Material is cast-aluminum alloy 


this new welding process. The top and bottom p 
are assembled in a jig with the structural tee and t 


f 


All members are '/, in. thick, and a in. fillet 


into the joints using s-in. 2S filler wire The 


helium (33 cu. ft./hr.) on this job permits of f: 
ing with 218 amp. of current and 210 in. per minu 
wire feed. By placing first one end and then the 
on a rotating jig while welding (Fig. 47) the 24 
inches of weld are made in only 2 min 

The two halves of a cast aluminum spac 
shown in Fig. 48 prior to being put together 
by the inert-gas-shielded metal-are process 
12 per hour. A tight and low cost job is the result 
50 Using the tungsten arce-method produ 


tween 6 and 7 units per hour 


Fig. 49 Inert-gas-shielded are welding the aluminum 
space heater. biller metal is 438 wire and the shielding gas 
helium 
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Fig. 50 The completed weld is made in one to two min- 
utes. Production using inert-gas-shielded tungsten arc 
welding is 6-7 units per hour 


Fig. 53 Making the weld using ‘/-in. 43S filler wire 
fed at 175 in. per minute with 200 amp. of welding current 


Probablv the metal window casement industry is as 
highly competitive a one = eXIsts The product must 
be strong and serviceable nd it Is ¢ xpected to last as 
long as the building stands, vet there is no survival fora 
manufacturer who cannot produce a quality product at 
minimum costs. Where daily production rates are high, 
“a saving ol a few cents in an operation Is Important 


In the production LIne ¢ ted in Fig. 4 > sush, 





Fig. 51) Production line assembly aluminum windou 
sash into frames prior to welding the hinges 
Fig. 54 The completed weld takes 5 seconds to make if 
helium is the shielding gas and 8 seconds if argon is used. 
irgon requires less cleaning however 


vindow frame and hinge Sal issembled and clamped 
so that the assembled sash ready for welding the 
hinge. The close-up view, Fig. 52, show he 3/,.-in 
thick hinge ready to be welded to the 6LS-T6 aluminum 
extruded shape in which the metal thickness is about 
s In 
In I ig 53. the operat sm wt! eld using 10) 


it. pel hour of helium h my gas In this 


in. 438 wire is fed at 175 in. and current 1s 200 
imp. An interesting comparison of the relative merits 
ol he lium and argon Was Mm ide on this job { Sing he- 
lium as described, the welding on this hinge required 
five seconds. Using 30 cu. ft. per hour of argon and a 


Fig. 52 The / -in. thick hinge protrudes through the slightls highe r current 2) imp the welding time 
/.-in. thick frame extrusion of 618-T6 aluminum prior : 

to welding as increased to eight seconds Che joint made with 
JuNE 1950 i 80? i {ircomatic VV elding 177 





first on one side and then the other. To make for easie1 
cleaning of the tank while in service a larger than nor 
mal bead is run. Also the welding is done continu 
ously, something possible with this process and the ap- 
pearance is thereby enhanced. Aluminum angles are 
welded to the tank to support the feet 
When it came to welding the three connections shown 
on the side of the tank in Fig. 55, the lower speed of the 
tungsten are process Was | sed to advantage 
tluminum air filter assemblies. The tank in the In all, there was over 23 ft. of welding pet 
eft foreground is inert-gas-shielded arc welded the time for fit up, tacking and welding ippre 
hr. per tank. Of the 120 so far complete 
helium is shown in Fig. 54. Since the tungsten-ar leaked 
process requires 1'/, min. to make this d, it In the upper framework the tungste1 


scarcely competitive in this instance 


APPLICATION TO MORE INTRICATE 
STRUCTURES 


When welding large structures, it often b 
sirable to use more than one method in order 
the lowest over-all costs In many of the 
“aM pies this has been done with considerab! 
success 
Both the tungsten are ind metal are nert-ga 
Ing process are employed toe ther with resistance 
ing in the fabrication of the aluminum air filte 
tured in Fig. 55 The entire assembly consist 
spray tank (left foreground) upon which is mounted an 


invie trame vork whit hy supports the hiter «« 


and the larger blower fan \ conical sheet 


closes the framework 
The tanks are 6 ft. long, 5 ft wick 
th the bottom flanged to form the ends issembly tipped on its side to show the 618-T6 
velded with the gas-shielded metal-are oO to t welded aluminum acid pan 
sides \ll material ts O1S-T6 
the elding the aligned sheets are tacked with th ; used to join the aluminum 
at 12-in. intervals and then completely fille | spot welded to it 
To have insisted on 
entire job would | 
h dispassiot 
fabricator 
job at the low 
\r other 
to remove 
the scope ol 
flow horizontall 
shown in Fig. 56 with the ent 
pan on the bottom. A better 
shows the entire assembly tipped 
The first part of this fabrication 
straightforward All ma 
id * , in. thick welded with 
view of casing ready for 
baffles, however, being 


somewhat of a problem 


tssembled sulphuric acid vapor separator The 
gas flows horizontally through the bafiles 











ee ee ee a ee . 











Fig. 60 Welded ink container for portable service of 61S 
aluminum, Size approximately 3 x 4 x 3 ft. 





Fig. 58 Interior view of the casing ready for the baffle the weld In addition to reducing distortion this also 
assemblies minimizes overaging effects in precipitation type hard- 

ening alloys such as 61S 
the excellent welds shown in Fig 5Y Because of the One of the earliest vet most su sii applications 
light gage of the material, argon was used as the shield came about because the builder of a ber of tanks of 
ing gas in the amount of 40 cu. ft. per hour. Filler wire this type shown in Fig. 60 is «di rbed to find the 
Was f 438 fed at 178 in. per minute and current velding time using the tung round 280 


200 amp. To do the welding on two complete separa- man-hours per tank >of the ga iclded metal-are 


tors including all the baffles required 180 man-hours process provided some very it - r econ For 


To have used other methods would have increased the lightness, ease of cleaning a Oo lon sistance, 
time and raised serious problems of distortion, but the 

Aircomatic, while heat Ingavery high sper ihe rate ot en- 

ergy input, has a travel speed of welding so great as 1 


confine the effects of heating to a narrow zone close 


Fig. 59 Close up of baffles assembly of 12-gage 61S-T6 Fig. 61 Welding the channel stiffeners to a side. Each 
sheet. irgon gas used as shield because of thin material 45-in. long, °/\s-in. thick fillet takes 2'/, min. to make 


JuNE 1950 Voulli Gibson Rope lircomatia Welding 7% 





Fig. 62 Assembly parts ina jig. No positioning is neces- 


sary to complete the welding 


these approximately 5- x 3- x 5-ft. tanks are fabricated 
entirely of 618-T6 aluminum. Top, sides and bottom 
ure , in. thick with the reinforcing channels, skids and 
lifting eves in proportion. Over-all weight is L000 Ib 

Initial fabrication starts with the preparation of sub 
Phe sick 
clamped to the table and the reinfors ing 


assemblies of 
pl t Is 
clamped on the plate 
fini h 


vhich a side is shown in Fig. 61 
ngles 
No tacking is required and the 
velding starts as soon as the assembly is po 

tioned Lhe operator starts mn the center 


the left edge 


ind we ds to 
then goes to the right edge ind elds t 
thre nter The ein. fillet we ld, 5 i lor 


made im 2 min. Immediately the welding table 


veld for 


t 


into the horizontal position, and the fillet 


other side of the channel is made by the same procedu 


and at the same speed To make the foregoing we lds, 


in. 438 filler wire is used. Wire feed is 208 in. pet 


Side butts are completed before welding on the 
fop 


Fig. 64 This lifting lug is 6x7 x in. thick. The fillet 
and butt welds joining it to the structure range from to 
I 5 in. 


hig. 65 thout 15°; of the welding is tunesten arc and the 
time for welding is reduced to 48 hr. as compared to 280 
hr. by the tungsten are alone 


minute, current ts 210 amp., and t 

purity helium at the rate of 45 cu 
After compl tion 

ssembled in a jig 

to putting 


t} 
on the 


belore 








fluminum-wire alloy Diesel engine piston 


Fig. 66 
for rewelding by the aircomatic process 


butts connecting it to the rest of the 


from ; to 1'/, in. and are difficult to make 


able time by any other method 
The over-all welding time per t 


280 to 48 hr., of which about 8 In 


tungsten are is 


by manual 
bout 225 amp. of 


erator Is using a 


tungsten and argon as a shielding g 


tion ol the two processes using e: 


the lowest ovet 


to the job—resulted in 


TYPICAL APPLICATION OF THI 
HEAD 


Ameri 


AIRCOMVMIATIC 


330-420 amp 


lig. 67 Piston with completed weld 


68 Cross section of welded and machined piston 


e of the 


groove 
reutting, 
the cut 
LOO cu 


the ends 





The completely machined and then sectional weld is 
shown in Fig. 68 which illustrates the character of de- 
posit that can be expected. 


SUMMARY 


A method of inert-gas-shielded metal-are welding 
has been developed in which unusual and new welding 
are phenomena are combined to constitute a new weld- 
Ing process This process uses bare electrode wire 
which is continuously fed to. the are where it is con- 
sumed and transferred to the base metal where it 
becomes part of the joint The are is shielded by an 
inert monatomic gas which flows from the nozzle 
through which the electrode also passes. The process 
has been applied to production work using manual 


Welding ean be per- 


formed in all positions using the manual method 


and automatic equipment 


Welding speeds are considerably faster than othet 
manual metal-ure we lding methods The are is \ isible 
at all times and since fluxes are not used, no slag 
cleaning ts required 

This process is readily applicable for welding many 
metals and alloys This intrinsic property ts the 
result of the inherent operational simplicity which 
permits the deposition of weld metal having the same 
chemical composition as the electrode wire; there are 
no gas-metal or slag-metal reactions in the welding 
operation. The principal consideration of a metallur- 
gical hature involves alloving the electrode and DASE 


different 


This alloying may be used to an advantage in many 


materials where these compositions are 


instances and the degree of alloying can be controlled 
by welding procedure 

All common types of fusion welded joints can be 
made in aluminum and its weldable alloys. The 
manual method is particularly adapted for making 
Well-shaped fillets can be 


made at the maximum speeds practical for manual 


fillet welds in all positions 


welding. Butt joints should be designed to take 
advantage of the deep penetration characteristic to 
obtain maximum welding rates and minimum distor- 
tion. The mechanical properties of sound aluminum 
welds are the maximum that can be expected from the 
alloys used for welding and the metallurgical con- 
siderations involved. Gas porosity is an important 
problem in aluminum welding. Sound welds ean be 
made in the flat position when proper welding pro- 
cedures and techniques are followed. This process 
has been qualified for aluminum pressure vessel fabrica- 
tion under existing code requirements For 
applications a reasonable amount. of Porosity 
missible because it has only a minor effect 
strength. Several successful applications 
have been described 

All of the commercial austenitic tvpe st 
can be welded with the mert-gas shielded 
velding process. Butt joints and fillet welds « 
made in all positions The elec trode wire compos 
used for welding the stainless steels must be controlle« 


to prevent cracking. The ability to deposit weld metal 
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of identical composition as the electrod 
permits joints to be made in which both weld a 
material have the same chemical composition, 
minimizing corrosion and expansion problems 
these factors are important. Titanium can 
ferred through this inert-gas-shielded meta 
recovered to the extent of about 60°, 
deposit. This enables titanium stabilized 
Welding rates are highet 


veld metal 


used for welding 
mechanical properties of stainless 
are equal or slightly superior to those obtained 
Spatter and 


coated electrodes iporizatiol! 


average less than 1°; of the wire melted 

The process has been found to be excellent f 
ing, braze welding and surfacing with aluminum bi 
Overlays of aluminum bronze on steel, coppe 
iron and manganese bronze are sound and are 
securely In the case of mild steel ov 
strength is greater than that of the 
Aluminum-bronze electrode wire cal 
iluminum-bronze plate and othe 
vertical and overhead positions 

This ine rt-gas-shielded metal-: 
successfully used for welding 
resisting metals of the  gas-t 
applications illustrate the versatility 
welding unusual materials where 
deposited weld metal analysis 
herent simplicity and flexibility 
process opens many new fields 
welding It is not expected that 
supplant existing welding methods, 


applications for which it is better suited 
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Trends in Fabrication by Welding 


® Plate fabrication requires careful consideration by depart- 
ment heads including selection of materials, design. fabrication 
procedures, production schedules, testing and cost accounting 


by S. }. Williams 


l yu purpose of this paper is to st 


trends in fabrication by vel 
stimulating thoughts on the 
thoughts can be ervstallized 
procedure for “Fabrication by 
of help to all who are interested 
of their fabrication by weldin 
bilize the industry 
I ibrication, as used in means the 


creating metal structures, \ ls or products ou 
many metal pieces or parts 

Welding, as used in this p , means the coalescence 
or growing into one body, meeting edges of the 
metal pieces © parts, so a to establish a structure 
which will meet the specifications and will function as 
well or better than the constituent parts specified 

This implies that fabrication by welding permits the 
structure or vessel or final produs t to be made as strong 
| 


and stable as its metal parts or materials being used or 


fabricated. Good design and engineering is based on 
utilizing fully the inherent, stab’e properties of the 
materials being used. Those properties which, 
through vears of testing and usage of these materials 
under varying atmospheres and temperatures, have 
been found resistant to change, ind therefore, are 
spoken of as being reliable and stable. Certainly fusior 
welding has proved itself reliable anc ible, and hence 
it is recognized as the way t 

Therefore, the trend is now 

industry that uses 


useful products so tl 


to man in his upward s 


MATERIALS IMPROV ED THROUGH WELDING 


The most eco 
our tabrication 


does not mean 


S. V. Williams 
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competition. Modern welding has fostered not only 
the improvements in commercial steel plate but also 
manv of the nonferrous n ous alloys, 
vhich can be fabricated y ding | yvhen once 
the full physical properties of any material can be fully 
utilized when fabricated, An in neers develop a 
better material. Here I 
dom and opportunity 
engineering The « 
dustry demands good farsighted 
industrialists have ster schools and so ties to con 
tinually train men to mee 

The trend in fabrication is to d the f the best 
materials available bricator, 
to meet competition, must KI \ pou I vest mute- 
rials available-—know about their land physical 
properties, so that thes mponent 
parts where these improved properti utilized 
economically in a fabricated structu ich parts, 
vhether unfinished, semifinished or finished, must be 
reliable and stable, for welding is an inspection process 
vhich exposes, develops and veaknesses in the 
materials being fabricated iknesses are 
ignored by the. fabricator, the final duct will gen- 
erally not pass the acceptance tests and will definitely 


be found wanting in service In st 


iort to withstand 

modern fabrication, the materials being fabricated 

must be sound and stable 
Good fabricators have come velding 1s 


not a substitute for faulty ma most Cases, 


f carried on correctly, it will 


I material 
The trend is now for the sup s of material for fab- 

ition bY welding to tion tl Inby itor f the 
ling. In 
rn reased 
eto the 


Drocess 


DESIGN MUST BE COMPLETE & ACCURATE 


Ir most Cas vel I ! enanoied ( iesig r to 
t mplifs i desi , al 1 miin ( ibricated 


produc ts has become 


ls 





Such welded designs eliminate the high concentration 
of stresses and thus help create a more stable product, 
that gives greater assurance of a longer and more econ- 
tinuous life of usefulness for the product thus made 
In many cases this has meant that processes which 
would be commercially uneconomical to operate, be- 
cause ol high-maintenance costs and loss of operation 
and, therefore, production, become highly successful 
when their equipment is fabricated by welding. The 
trend is toward fabrication of all equipment by welding, 


in the processing industry 


The growth of welding as the best means of fabri- 
cating equipment, was greatly fostered by World War I] 
In short, it was our life line during the war, and is ou 
best assurance for greater freedom in the future. For 
welding typifies our American way of life, like all great 
things in America, and America itself, it never thrives 
on pust glory The trend is toward greater perfection 
in the industry, starting with the engineering and 
following through to the completion of the structure, 


for delivery at the date promised 

rhe recent trends in fabrication by welding at the 
Writer’s plant have taken into consideration those fac 
tors that prac tically affect production costs ol quality 
finished weldments Since the war, the commercial! 
tolerances on materials have been at their widest limits 
or extremes, and in many cases, slightly bevond border 
line acceptance Yet with welding, we accepted them 
This meant that the estimator and designer who figured 

are 


on straight, square or flat parts or structurals t« 


received, found out that a finished assembly 


iis 
purts vould not meet the tolerances antic puter 

meet the tolerances required on most we lime nts, extra 
work had to be done at the start to establish veceptat 
dimensions on all component parts, i low 

facturing Was to be carried on In short, it ha 
established that welding im nota cure 
materials either of a physical or dimensional 
This fact has 


the estimator, designer and production depart me 


low costs are to be established 


t 
the 


Value of kno ving what they are starting Wi 


upon, if costs are to be in line. In short, good 
facturing practices should start with the engineer 
estimators and take into consideration the current 
vetual factors that enter into the fabrication of 
low-cost veldments The estimators and 
have no more right to guess and assume thing 
production department, if the most economi 
to be created and produced. If these t 
ooked, or commercial tolerances taken f¢ 
poor workmanship and delay 
vith monthly sh pments 
dissatisfied customers 
o do something abo 


hagement must meet 


fostered and led t the 


n designing and engineering 


Start with good weldable mat 


sarily the cheapest, and allow enough for finishes where 


required. 
2. To design and engineer the weldment in the 


drafting room is more economical than to leave the de- 
signing and engineering to be carried out by trial and 
error on the production floor, where overhead or burden 
rates are higher for each man-hour consumed 

3. Production drawings should not have unfinished 
details to be worked out in the layout department, un 
less these details are covered by stand ird deta 
ings In which case, relerence should be made 
production drawings to the standard detail dra 

4. The production drawings should be cle 
readily interpreted and readable. Paper shoul 
conserved at the expense ol clearness 
5. Designers of weldments can best pe 
designs by spending some time each day 
observing the concrete objects they have 
visualized in the abstract form This enabl 
more accurately visualize their design 
hazy on a detail, do not leave that detail for 
man to work out Go down and talk it 
This will help prepare him and all will pi 
larly vour company in meeting future compet 

6. The design must allow for shrinkage 
Do not skimp on material To minimize th 
ng edges of component parts should, where 
permit adjustments to be made for this s 
sequence of welding and assembly ot 

7. The modern designer must 
of ignorance on his drawings If the 
this must be cleared ip before 
vfore the drawings go to the 
hours carry overhead burdens 
less expensive to use an e! 
to re-work with gas cutting 
semblies made to a misleading 
lustration, if an assembly must 
toa e lose tolerance, the ce signer sho 
relieving operation. This to assure 
ignorance as to the amount of locked 
weldment is reduced to a minimum 
signer’s problem, not the production 
production man may not even surmise 
machine tolerances are to be close 

Ss Both estimators and designers m 
consideration the tools and equipment 
shop, and figure out the best 
ment to the best advantage 

Good designing means « 
engineering 


ill face the lucts, 


Tur Wi 





to make mistake 2 | ngineet! ng checks nically 
Intention Was good lesigned for sl op equ 


engineering 
vith, the 


tment 


niormation is a 


re then sent 


3. If preliminary en 


engineering 


PROCEDURE MUST BE SETUP & FOLLOWED 


department must furnisl be 
irried out ac 

With this in mind we are suggesting $4. Estimating department 

cedure for fabrication by welding, whicl ivailable and agreed upot 


eliminate all the 


guessing possible tro 
competitively hazardous ; — : 

i ESTIMATES MUST BI 
guessing ite tabi i 18) t tol 


> ; ‘ 
siness Repe 


BASED ON FACTS 
! . K 5 I t 1 mate- 
tly enough t abl cills ame \ to b I il raw other- 
ind on bv ft much 
thought throug} 


Phe 


foolish quoting 


gene! 


finished | 


ms stipulated 


This cannot be 
other voras, 
st meet these 


shop il d 


5.5 Welding, mar 


ind spec 1 ele 
1 5.6 Assembling, aet 
duction department than w ol ene t 
Lut n departmen \ ind fixtures 
( iu nh } , I ! irs and 
lv fulfilling Mil’ rate , 
Ss 1 
Information I ranslori ust I “ 


8 Finishing irs and s juipment., 
5 Q | 


Sf ress 


empera 


9.10 Inspection 


5.11 Testing, hyd ut n i et Man- 


urs 


I nal rele se 4 
nd methods must | 


hor 
eas ce ( te ae I I 


Man- 
irs requ I 


1 I q m t 1 handling 
; : ind cleaning | nting an mures and cost 
ere) ractices Will permit 1 LOOKS a ! 
is rarer a ; arcana’, of crating, sk 

Guessing and passing the respor ' 


ng ssentially the entire should 
um on the part o tmes considered in the estimating, together with produc- 
Facts and en vst hours available in differen is enum 
e, as del ny i mo tal tactor 
: eda ting and secur t tit com 
an fish stinks at 1 firs on deen nek pees 
aepartment oft 


Estimates vs. Orders 


PRELIMINARY ENGINEERING 


nbn mila Seren 





7. Drawings suitable for producing a finished prod- 
uct meeting the customer’s specifications and Code re- 
quirements must be made by the design engineering de- 
partment and approved by customer. 

8. Requisitions issued by the engineering depart- 
ment to all other departments responsible for securing 
all materials specified and required to meet dimensions 
for fabrication, testing and customer’s operation In 
short, material to make the products specified on cus 
tomer’s order 

9 A complete bill of material giving sheet and item 
number and procurement information on each item, 


This i bn 


their duties in placing order in production and following 


used by all departments in carrying out 


same through all phase s of fabrication 
10. Purchase and stores orders to be placed in the 
hands of the production department so that thev can 
designate where, when and who shall be responsible for 
checking same to see that they meet bill of material 
dimensions and requirements, and can be released for 
manufacturing as needed with no delays or hold ups 

when once processing is started 

11. Production schedule should be set up based on 
production hours estimated (5), and availability of 
10-13), so that fabrication is 
] 


started no hold up of material in production space will 


material when once 
tie up facilities located therein 


12. Each order must be so planned that parts, 
date and 
Pro- 


duction spaces cannot be taken up as storage space 


assemblies and subassemblies flow toward 


position or space required for final assembly 


efficient production is to be maintained with facilities 


available 


QUANTITY CONTROL 


13. Quantity control of production must be through 
a breakdown of production hours set up in (5) by the 
estimating department, as applied to the scheduling of 
orders based on date of receiving materials and the 
i fluid 
supply of productive labor hours to be maintained by 


facilities available in the shop. This assumes 
increasing hours per day and week, or increasing per- 
sonnel to the limit of facilities available in the she p 
This in turn must take into consideration the backlog of 
and the economies of overtime vs 

All factors, as in 
into 


productive hours, 
additional shop space and facilities 
taken consideration 


estimating (5), must be 


Namely: 


3.1 Complete lavout ot space and facilities tor 


fabrication by departments and subareas 


2 Complete knowledge of space a 


tilable 
storage of incoming materials, parts and 
assemblies 

Nonproducers available to service and su 
vise productive work 

Layout man-hours available for laying out 
flat, formed parts, assemblies, subassemblies 


and final assemblies 


Fabr 


13.5 Hours and equipment available for dimension- 
ing and edge preparing plates, parts, assem- 
blies and subassemblies 

13.6 Man-hours required and available for forming 
by gas cutting, machining, rolling, breaking 


and press forming, hot and cold flanging of 
] 


flat work, part assemblies and subassemblies 
13.7. Man-hours available for fitting of pieces, parts 
assemblies, subassemblies and final assemblies 
13.8 Man-hours available for both automatic and 
hand welding of X-ray and nonX-rayed work 
on parts, assemblies, subassemblies and 
final assemblies 
13 g X-1 LV 


and re-X-raying of welding requiring sam¢ 


Man- and machine-hours available for 


13.10 Man-hours required for final finishing, includ 


ing machining, sandblasting, 


PassliVa 


magnaflux, ete., and assembly work 
quired 

13.11 Hours and equipment for stress relieving 
heat treatment of parts, assemblies, 
assemblies and final assemblies 

13.12 Man-hours and equipment available for hydro 
static testing of parts, assemblies, subassem 
blies and completed assemblies 

13.13 Man-hours and space available for preparing 

such as 


for shipment, painting, greasing 


machined surfaces, crating, boxing, skidding 
and protecting parts for shipping 


13.14 Man-hours available for loading and blocki 


final jobs on and in cars or trucks 


14. Production lines or space must hi: 
parts, subassemblies, ete., delivered to statior 
nated, so fitters, welders, machinists and 
can perform the operation next im sequence 
plies that all previous operations performed | 
correctly carried out, and that inspection ha 
and released same for further fabricatior 


must work closely with production progress 


QUALITY CONTROL 


15. Quality control of fabrication 
tained by inspection, this does not mean t 
ean ignore drawings, specifications 
The inspection department does not wi 


l hey 


same engineering drawings and specific 


tions or set the requirements 
duction must follow. Inspection 
pendent agency to check materi 
that 


meet the drawings and specifications stipulate 


and give greater assurance 
order Inspection must not hold up 
must correlate its work so that produc 
when all previous operations are cort 
on acceptable material 
W hen errors are mace , Fejyec tion slips must 
and a charge number established to charge the time 
material that is necessarv to perform extra work in 


correcting such errors. In other words, the 


inspector 
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ecutive orders of management At such meetings only 


department is the referee They must call the ert 
the concrete facts affecting production are to be pre- 


as they see them, and realize that in doing so they 
only protecting the Company’s interest. The inspec sented 
18. Independent of meetings in (17 


ports by each department head should be submitted 


tors are competing with someone else in another plant progress re- 
doing the same type of inspection work, and if their 
company is to be successful in competing with other weekly to those meetings in (17 

and studied outside ol working hours The value of 
think and express 


These can be read 


companies doing the same type ol work, they must be 


accurate in their work and decisions. This applies to same being to help the writers to 


themselves better, organize and plan their work ahead 


all departments from the head down to those on pro- 
and eliminate waste discussion and time at production 


duction 
16. By following out the procedure outlines in (15 meetings in (17 
correct time can be taken of the actual operations 
With corrections made for errors and mistakes, the 
é CONCLUSION 


corrected time can then be used by the estimating de 
partment on any duplicate operations. This will en It is believed that ire for plate 
able the estimating department to establish mort fabrication should be d and analyzed by all 
standards, and be more accurate in their quoting. This department heads of all fabricating companies, so that 
should be wholesome for fabricating in general the final form they use will be the cerystalized thoughts of 


In addition to the above, the rejection slips can be ill who must follow and work with such a general pro- 
this way it should | 


used by management to evaluate the true performance cedure. In e as complete and 
of each department and the workers therein. This will iccurate as commercial practices will permit. Competi- 
tion fosters this in the free enterprise system The 


show weak spots that need attention and strengthening 
fabrication by welding, is toward stabilizing 


17. Toassure the continuous flow of production, and trend in 
the meeting of scheduled deliveries and shipments, the industry, so that it will contin to improve under 
meeting of department heads must be held to expedite the free enterprise system, an is truly meet the 
the flow of information on corrections or changes to the challenge of our time, name try, con- 
production planning, and swift carrying out of the ex trolled by the state 
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most engineers and scientists in this country. Book covers funda 
mentals of welding, complete usable data on each welding and allied 
process. Information given on the welding and properties of welds 
and all important metals and alloys. Data given on design and cost 
considerations; inspection and quality control; specific applicable 
information on welding of buildings, bridges, machinery, storage 
tanks, pressure vessels, boilers, ships, railroad, automotive products, 
aircraft, pipe lines and industrial piping. Standard symbols, me- 
chanical testing, qualification procedures and filler metal specifi 
cations included 

List price per copy is $12.00 in the United States and Canada 
$13.00 elsewhere. Additional copies at $9.00 each to members of the 


Society. 
Order your copy now! 


AMERICAN WELDING SOCIETY 


33 West 39th St 











June 1950 William 








roduction Butt and Flash Welding 


® Automatic control over welding cycle and selective 
annealing heats, expedite and guarantee efficiently fused or 
arc-welded joints all depending on type of equipment used 


by H. J. Chamberland 


UTT welding sawbands or band stock and steel 
tape automatically is not an innovation, however 
the process Was for more than a deeade limited to a 
pr tical in. width and a thickness never ex- 
ding 0.040. in \ few vears ago the butt-welding 
vas improved to execute a fused joint ®/s in 
wever, what really extended its fe ld ot appli 
tions was the addition of auxiliary Vee jaws to provide 
facilities for welding extensions to tools as in Fig. | 
With the recent development of the flash we Iding unit 
ios now possible to weld bands up to 2 in. wh ind 
in. thickness, or flat stock of similar dimensions 


vn in Figs. 2 and 3, respectively 


In this highly competitive age, the original cost of any 
tvpe of equipment is secondary to the extent of its 
productivity, the quality of work it will deliver and its 
itility All three factors combine to determine ho 
the machine, device or instrument will liquidate 
since this is the prime objective of any investment 
lines of modernization (As to choice of welding 
herem concerned both ire adapted to rod velding 
butt welder preferably limited to light rods or 
in Fig. 4 and bands under °/, in. wick 
ider bands or rods up to its ®/ys-in. capacity, the 
velding unit is not only recommended but is in 
ve for maximum results since its) transformer 
ipaucityv is S kva. or twice that of the butt welding unit 
Flash welding is however fast becoming the indus 
trially accepted method of joining sawbands because 
vcuracy and strength are essential regardless of width 4 
and operating velocity The fact remains that the 
importance of weld ethcienev increases with increased Fig. 1 Portable type butt welding unit of 4 kva. trans- 


blad ith nad reed As for example + fe abvriona former capacity adapted to sawbands or flat stock no wider 
inde Wh ran } ( amy 9 I ses than ©. in. and to rods preferably under in. in diameter 
that a 2-in. band resawing in two a 2- x S-in 

GHO00 tpm. or a l-in. band friction cutting In. borer ind doing the welding on the job All cont 


. mm ‘s g. 5 \ built auto tic 
plate at Lo,000 tpm with heavy work feed, requires a chine Fig. 5, have inbuil itomati 


veld far more secure than a in. band operating therwise, a portable ol pedest ul type 


1) tpm ind only subjec ted to limited vork pressure eare ol all saw welds and other ipplicat 

Sawband costs as a whole are kept ita minimum by ithin its fusing or arc-welding range 

eutting the bands to length from LOO- or 500-ft. coils Che most accurate and strongest weld is 
liscernible that Incorporates the same 


H. J. Chamberland is Kesea gine he I ( Des P external characteristics is any 
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Maximum efficiency in this respect 
requisites First Automatic control 


welding cycle Second ™ lective inne 


predetermined on the basis of width and 


band or flat stoc k. or correspondit y 


Fig.2 Annealing weld on I’ ,-in. wide wood cutting band, 
this flash welding unit has a capacity of 8 kva 


Fig. 3) Flash welding I’ »- x -in. stock, this welder will 
also weld rods up to in. diameter 


© 
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Fig. 4 Typical butt welding applications, from 25 to 30 
complete welds per hour are common production results 


least an elementary kno dge of the le of said 
heat on the completed weld hould be mentioned 
before we proceed further nea ding does not 
differ from band w ing cept tor allowmeg : e-ink. 
gap between the parts been deter- 
mined as most practi pressure 
for coordination with idvancing 


distance of the movable 


fully 
vould 
from i 
mpera 


on Whe 


Listance 


pri magitter 
mportant 
red with a 
hould 
ilign 

edge ol 


imping, 


or ste ps 
innealing 


grinding 


of band 
ious to 
irrent 1s 
re is ho 


ding pre- 


and De LG {SO 





5 Flash welding I-in. wide friction sawing band in 
inbuilt welder of modern contour sawing machine 


Cautions have been kept in mind, however, if there is 
any doubt as to the structure of welds on the wider 
Saws, all one has to do is to allow the weld to cool and 
the n break it 
u broken file and denotes a strong weld \ coarse 


\ fine grain structure resembles that of 


grain structure appears like thousands of minute crys- 
tals, such a weld is therefore brittle and already de- 
fective before annealing. It is far better to increase 
the advancing distance of the movable electrode and 


th reby increus¢ the flash, than risk a worthle ss course 


grain structure and a weld that will resist flexing for only 


a short duration 


ANNEALING 


Setting the dial for the correct amount of annealing 
h it Dused on W idth and thic kness ot band is simple 
} 


however timing that heat to the second and not beng 
deceived by the eolor is the essential part ol the job 

kxperience along these lines has shown that an 
annealing temperature of from 950 to 1100° F., will 
reduce hardness sufficiently to prevent any tendency 
toward rehardening or embrittlement of the weld 
caused by a too rapid cooling rate. Proper 
temperatures can better be obtained my 
innealing switch button, Fig. 2, this will give 
short surges of heat of 10 to 20 sec. duration 

Ww appears as a very taint blood red 


positively not be allowed to bee 


Fig.6 Etching pencil being used in connection with flash 
welder 


It is also well to bear in mind that the 

heated section will not become visible in 
lighted room, until a temperature of 1200° | 

and this is definitely too high a heat. Conseg 
some means of shading the weld should be used to 
he room for the glow to become apparent 
1000° at the most 


It is understood that even a foolpro t 
insofar as design is concerned, will not fun 
if fluctuation in loads through imprope! 
causes the actual voltage of the welder to 
high or low side during the welding operation 
overcome this condition, late type flash 
provided with a voltmeter selector switch an 
transformer with 160, 180, 200, 220 and 240 
The voltmeter and tap switch are mounte 
the welding switch button on the side of the 
wires of sufficient length for removing the cas 
interfering with the wiring. With this arrang 
assuming that the wiring to the welder is adequ 
operator can readily check the line voltage 
at the welder and select the closest corr spond 
and thus compensate for voltage variation to su 


width, rod diameter, et« 


Kither the butt or flash welding unit is re 
verted to an economical tool marking inst 
simply plugging in the etching pencil attachment s 


in Fig. 6. 
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Vierendeel Trusses 


HE accompanying photographs, Figs. 1 and 2, are The Vierendeel truss is particularly suited to welding 
reproduced from an article by A. Bozzarelli of the Che steel for the trusses in Figs. 1 and 2 had the follow- 
ILVA firm in Italy, appearing in the November ing properties 

1949 issue of L’Ossature Metallique In Julv 1939 


ry Elastic limit 33.000 psi 
Prof. Vierendeel wrote to the author congratulating him ; ; “ 
. rensile strength 60,000 to 71,000 psi 
ior making the first application of Vierendeel trusses to eo 
Klongation 20 to 25° 


large structures ot he I than bridges 1 he \ ierendec | 
truss has no diagonal members, and is caleulated in lhe steel used in the truss in Fig. 1 was basic Bessemer 
accordance with Prof. Vierendeel's published methods steel which required some riveted connections to hasten 


2, Was 


} 


The actual degree ol rigidity has been shown by tests fabrication ‘| he steel for the aerial! uilway big 


to be only 5 to 6° less than calculated electric furnace steel, and no riveting Was required 


ig. 2 Vierendeel trusses in an aerial tramway 





Welding Galvanized Iron 


® Anowing facts about sine coating helps you get good results 


by F. J. Pilia 


THEN iron base 
Zim a coutl 
the base met 


inized iron and is res 








be fusion welded or DbonZze-V in xactly th im fo é 


way as similar 





vou know a few fac 

difficulty Fig. | When galvanized material is joined by fusion 
welding, the heat of welding burns the sine coating off as 

F. J. Pilia, The Linde A roduct N r shown here 


have some 
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Fig. 2 Since bronze welding requires only a low heat, 
less sine coating is burned off. This is shown by the 
distance B 


Welding 


vell-venti 


Inhaling these fumes can make vou sick 
galvanized iron should therefore be done in 
lated places lf you cannot work outdoors weal i 
suitable respirator or drive the fumes away by means of 
a tan 

The edges of the jomt to be we lded should be thor 
Remove any oil, dirt or grease fron 


It is only 


oughly cleaned 


the jomt 
yout O.OOL to O.005 in 


but do not remove the couting 
thick so do not use a file 


steel wool or fine emerv eloth 


WELDING MIETHODS 


nee the zine coating melts at a low temperatur 
We lds should be mace 


necessary tor good fusion 


vith the smallest amount of heat 
The less welding heat you 
use, the less coating vou will burn off 

Bronze welding (braze welding) is best for joining 
galvanized material because it requires less heat than 
Pherefore 


\ flux-coated bronze rod is ide 


fusion welding a smaller amount of coating 


ill be burned off 


Fig. 3 Bronze welding provides an ideal method for 
joining these special corrugated galvanized iron fittings 
cause it speeds the bronze 


duces the chance of overheating 


POINTS TO REMEMBER 


between uv ily nized 


The only difference 


plain iron is the zine coating It is put on t 
rusting, so do not take it off Use a 
, 


is the right size for the job, and make the 


smoothly and in well-ventilated places 





( lint for Hard Facing 


by bE. W. Frail 


hig. 1 Grinding a square edge is a Fig. 2 
tough job when the hard -facing alloy 


hangs over the edge like this 


12 Practical Wi 


Point the 
until the metal becomes plastic, 
slide a rod along the side 


Rehe it abe 
ilong the edu 


so the 


flame at the edge hig. 3) Here part of the excess metal 
then has been wiped off, this cuts down on 
grinding time 
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 IMBRICAN WELDING SOCIETY 


activities 


related events 








Nomination for Officers, Bourd 
and Nominating Committee 
Members 


The Nominating 
\MERICAN WELDIN 


wing off 


Nominee—President 
HARRY W. PIERCI 


JUNE 1950 


Harry 


HW. Pierce 


and Related Events 


the Engi- 
1 honorary 
ociety 

lengineers’ 


lent of the 
he SOcreETY 
nt ind is 
Board of 
Nominee—lIst Vice-President 


CHARLES H. JENNINGS 


( harle s Hi Jennings 





In 1937, Mr. Jennings was called to subjects as Mathemati 
ing and Structural Eengir 


England three months as consultant : eri 
velding ; for the English Electric a Lecturer during this period 

Co. He has also conducted a course in School of Architecture 
velding metallurgy at the Carnegie In- at John Huntington Polvt 
titute of Technology, prepared a training In 1928, while on Ie 

course for welding operators for the Pitts- was in charge of the 

burgh Board of Education and served as 

part-time st iff member of the N.D.RA ' Dock for Goodvear 

War Metallurgy Division during 1942 Akron, Ohio, in asso 

He is the author of more than thirty Watson & Associates, 


two books, How to neers and Architects 
of desig 


and design of the world 


irticles on welding and 
Weld 29 Metals and 50 Lessons in Are charge 
Welding steel bridge, being 
In 1939, Mr. Jennings was awarded the J Watson and I 
Westinghouse Silver “W ind Order of : During his st 
Merit for distinguished service in welding consultant for a 
such as the Truseor 


research and application. Mr. Jennings 
Steel Co... Dow Chemi 


has been active in the AMERICAN WELDING 
Sociery for the past twenty vears and has neers Corps and ot 
held the offices of Chairman Pittsburg! 1940 Mr. Plummet 
tion, District Vice-President, Director Engineer of the 
large and Director Niagara Frontier Projects, Clev 
ion was Chairman of the Tect Fred L. Plummer included the mait 
t tt ind a member one mile long 
He has served Civil Engineering from Case School of structures 
isted im the Applied Science and a Master of Science 
for the L938 degree from the same School He is a 
ling Hand Registered E:ngineer of the states of Ohio 
the 1950 ind New or Mr Plummer has eight millior 
tured betore Vritten two tx me, on Statically In- Since 1940 t 
OCTRETY For le ate St / ind the othe " been Chief Er 
2nd Vice- Se echanics and Foundations He is f Engineering 
Works Warren, P 


us technical journals of cates and cor 


the Socrery thor of n e than thirt irticles pub- 


eld-erected 


Nominee—2nd Vice-President which two on “Pressure Vessels’ were 


published in ” DING JOUR um vessels used | 
FRED L. PLUMMER pul ished in Tue Wetpinc JouRNaL and ene bs: 
The Od and Gas Journa roleum uu 
n LOOL, He Mr. Plummer , Instruete j Mr. Plumme 
f Oh Associate Profs rat ng renth 


eu ears 


Simply mark your workpiece nient method of 
ng working 


with the proper Tempilstik : temperatures in 
When the mark melts, the specified 
* WELDING © CASTING 


temperature has been reached. Zz © FLAME-CUTTING © MOLDING 
* TEMPERING * DRAWING 
, © FORGING © STRAIGHTENING 
Available in these temperatures | F) @ HEAT-TREATING IN GENERAL 


FREE — Tempil® ‘Basic Guide to 
Ferrous Metallurgy" — 16'/ 
by 21° plastic laminated wall chart in color. 


Send for sample pellets, stating temperature 
of interest to you 








bepsenyuclcard CORP., 132 west 22nd sT.. NEW YORK 11. N. Y. 


tot | 


om reputabie distributors interestec 

















the fast, 


low-cost way 





to get 
worn teeth 


back in service! 





1. Worn tooth . .. 2. Plus AMSCO Tooth Repointer . . . 3. Equals like-new tooth—ready for service! 


AMSCO. tooth repointers 


@ Here's a typical example of a badly worn dipper tooth 


completely restored to service... simply by welding on the 
AMSCO Cast-To-Size Tooth Repointer. The result is like-new 
service life and efficiency, plus a long-wearing tooth of 
Manganese Steel—the steel that actually work-hardens in 
service. Cost? Far less than replacement! 

Wherever equipment has teeth that wear, more and more 
owners are using money-saving AMSCO Tooth Repointers... 
available in a wide variety of styles and sizes. 

Get all the facts! Write today for Bulletin W-10-A 
AMSCO Repointer Bars — showing complete instructions for use 
3 teeth partially rebuilt with AMSCO o LIPE nae . wile 
Repointer Bars to show sectional view fre MOWHE 
of welding method. These Repointer, 
or Wedge Bars, are also made in 
many shapes and sizes. Apply AMSCO 


Economy Hardface to the rebuilt tooth 
—for as much as 3 times longer service! 


WELDING PRODUCTS 





7 


AMERICAN ____— 


"Brake Shoe | AMERICAN MANGANESE STEEL DIVISION 


COMPANY 399 EAST 14th STREET + CHICAGO HEIGHTS, ILL. 
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American Civil Engi- 
American Society for Testing Ma- 
Petroleum Institute, 
Institute, AMERICAN 
Highw iV {eseure h 
for Engineering 
Engineering So- 


neers Society ol 
neers, 
terials American 
American Concrete 
WELDING 
Board 
Education, Cleveland 
Welding 
ciety of Sigma Ni 
Beta K ippa 


SocieTy 
American Society 


tesearch Council, So- 


Tau Beta Pi and Phi 


ciety, 


In connection with the AmMeRICAN 
WELDING Socrety he was Director from 
1941 to 1944; Chairman of the Cleveland 
Section from 1938 to 1941 He has served 
on the Committee on Awards and on the 
Handbook 


member of the 


Committee He is also a 
Pressure Vessel Research 
Welding 


Committee of the Research 


Council 


Nominee—Treasurer 
RK. Ss. DONALD 


Russell S. Donald has been renominated 
" econd term as treasurer of the 
SocieTy Mr. Donald is a man of ex 
experience He was borr 


He started his business 


e business 
6. TSOl 
ool maker and designer. He 
Thomson Eleetrie Welder C: 

is been with the compan 

holds the position of 


ind supply o 
He Is pres 
turing C« 

specia 


Nominee—Vice-President. 


District No. 2 


A. G. BISSELL 


Mr. Bissell is 
Welding and Metals Brar 
of Ships, Navy Department 
1). ¢ 

He is a native of New 
ceiving his early education 
of LeRoy, Ne 


graduated from the Ta 


Civillar 


schools 


Russell 8. Donald 


Russell Donald has been active 
AMERICAN WELDING SocreTY Overt 
period He ha ved as 
the technical 


i long 
member of 
nmittees interested in 
ind has been a member 
’rogram Comunittec 


ilso served on the 


ind on the Finance 


WwW serving as tre 


Bissell 
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ww DIVERSEY | 


PRE-WELDING TREATMENT 


Using DIVERSEY No. 36 Cleaner 
and DIVERSEY No. 514 Deoxidizer 


. produces low-uniform surface resistance 

. improves quality of welds 

. increases quantity of spot welds before tip cleaning 
. prolongs life of electrode tips 


. eliminates tedious, expensive mechanical cleaning 


Yes, if you are looking for higher quality 
increased production and lower costs with your 
aluminum alloy spot welding operation, investigate the 
Diversey Pre-Welding Treatment today! 

Used by leading aircraft companies, case histories 
reveal that, by employing Diversey No. 36 to remove 
identification markings, grease, dirt; and by) 


y using 
Diversey No 


514 to remove oxide and heat 
scale, spot weld output increased up to 50 Further, 
plants report an increase up to 1,000 in the 
number of spot welds now made before the 


electrode tips require redressing! 


The BEST Surface Preparation ofie The Diversey Pre-Welding Treatment for 
, aluminum is easy, efficient, practical, and surprisingly 
Plus the BEST Welding Technique Fe ree 


economical to use! Mail the handy coupor 


Produces the BEST Spot Welds ! today for complete information! 


MAIL THIS COUPON TODAY 


THE DIVERSEY CORPORATION 
Metal Industries Department 
1820 Roscoe St., Chicago 13, ii! 


THE DIVERSEY CORPORATION 


Metal Industries Department 
1820 Roscoe Street * Chicago 13, Illinois 


In Canada: The Diversey Corp. (Canada) Lid 
100 Adelaide Street West, Toronto, Ontario 
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High School and atte 

of Washington at Seatt! 

graduated with the 

Chemical Engineering 

to the Phi Lambda 

Honorary Chemical Societys 

versity of Washington His 

Use of Are Welding in Steel Sh 

tion’ in 1920 is believed to 

thesis on welding to be 

University for an advance 

of Chemical Engineer 

Between 1918 and 1921 

early development work 

welding to Naval ship 

the Puget Sound Nav 

he became Genera 

with Westinghouse 

He was actively associated 

and erection of the rst 
HIGH PRESSURE plate girder railroad 

Creek, Pa After le 


he spent several years in 

in Welding Engineering 

land and Los Angeles 
Since 1936 Mr. Bisse 


nected with the Nav 


has been i member ¢ { 
WELDING Socrery sine y 
on the National Board of 
was the first Chairmar 


Section He WHS ¢ 

the development of armor 

Navy before World Wats 

member of the subboar 

convened by the Secret 

stigate the design 

for OXYGEN and HYDROGEN oF aad waa aaa 

of welded steel merc! 
Designed, tested and proved for high a member of the Weldir 
pressures and severe service. the American Bureau of 


In 1942 he was a recip 
Packing may be replaced with cylinder coin Gold Medal. in 19 


under pressure if necessary. Meritorious Ci) 


Fuse plug and bursting disc provide Bureau of — 
positive safeguard the Samuel Wylie Mille 
of the AMERICAN Wet 


Bronze stem furnished as standard, 
also available with monel stem on 
special order. 


Nominee—Director 
for ACETYLENE Cc. B. VOLDRICH 


Cadmium-plated steel stem with : B Voldri 
monel tip resists rust and wear. search at Battelle M 
Columbus, Ohio t 
Ball-nose seat construction assures he has held for t 
positive shut-off directed resear 
welding such as 


ing process de 


for CARBON DIOXIDE development, f 


Available with diaphragm-type or 
packed type construction 


Compact rugged design for use with 
high pressures 


Equipped with bursting disc safety 
device. 


RESO 


"Reg. U.S. Pat. Of VW 


=> PIONEER AND LEADER IN THE DESIGN 
*BASTIAN-BLESSING” AND MANUFACTURE OF PRECISION 
° . EQUIPMENT FOR USING AND CONTROL- 

4201 West Peterson Ave. Chicago 30, Illinois LING HIGH PRESSURE GASES 
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the only DC Arc Welder with all these 
tested time- and ngoney -saving features 











ONLY (750 RPM 
P&H Model 
WFA-300 
Welding Service Range 
60-375 amps 
(NEMA—Rated) 


BUILT-IN REMOTE CONTROL Dial-lectric a - 4 SLOW SPEED Lowest rpm per pound of 
feature gives full arc-control at the , weight. Only 1750 rpm for less wear, 
work saves operator's time longer life, and minimum replacement 


saves floor space for production. costs. So quiet you hardly hear it 


OMLY 695488 —> 


LIGHT WEIGHT Easy to handle and STURDY AND COMPACT Four sets of COOL OPERATION Silo speed plus 
move. Facilitates mounting off the floor na rushes and one auxiliary set extra large stator-frame cooling sur- 
and ovt of the way so there's more rm asten for good commutation faces ind duc 1s (for generator 
room for turning large weldments 5 . esign and rigid construction and motor ake s the coolest 
Weighs only 695 Ibs hroughc space-saving dimensions welder you have ever seen 

@ Stationary or portable mountings—Additional Features TEAR OUT COUPON AND MAIL TODAY! 

single heat control; life-time sealed bearings; push-button = ae oe a oe oo oe ow oe ow oe oe oe oe oe oe ow oe oe oe os oe 
start- and -stop switch with overload protection; high-low HARNISCHFEGER CORPORATION, Welding Division 

range switch; and polarity reversing switch. Get all the 4551 W. National Ave., Milwaukee 14, Wisconsin 


facts. Call your P&H representative, or send in coupon 
I 


WELDING 
DIVISION autem 4 Name 


electrodes for 


every lob! Company Title 


ARNIS CHFEGER 2 tits a 
CORP TION ee 
Pai oe City ( ) State 


Please send me Bulletin W-80 giving full details about the 
~<a outstanding new P&H WFA-300 DC arc welding machine 


Milwaukee 14, Wisconsin 


a 


Se ee eS Ge GS GES GED Ge eS Ge Ge ee es ee es es es es es es ee es ed 


EXCAVATORS © OVERHEAD CRANES © HOISTS © ARC WELDERS AND ELECTRODES © SO/JL STABILIZER © CRAWLER AND TRUCK CRANES @ 
DIESEL ENGINES ® CANE LOADERS © PRE-ASSEMBLED HOMES 


JUNE 1950 199 





Philadelphia 
x Academy, ° 
Committee Saneemny, | 
Tech. and 
DISTRICT NO. 2, LOU AMES through ICS 
; In 1934 Mi 
received his training i: 1} ‘ 
S. Navy in 1920 at the Aireo and has se 


School it Great 


Nominees Nominating 


including Supers 
7ittsburgl 
completion of his Pi ties 
Representative 
ed in various parts of 


Sales Co 
t IS months in Sout! x . 


counts 
ind Central me ca on svi vania 
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constructior 

projects 

the Flint Institute of Technology, and 
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inter Tran a s » for several ve 


RW VIA Announces the 
Five-Man Jury of Award 
for 1949-50 


C. B. Voldrich 


\laster o 


bong ng Before 

taff in 1041, he wa New 

the A.O. Smitl & Flee 
— h stall ’ Mict ' 

f Wisconsin, the Portland Department of 

ind the Bureau of Ships F Rensselaer 
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ing and Metallurgical Hngineers und 
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! fessional engines 


i 
d is a registered pre 
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Carbid 


IN THE RED DRUM 





EFFICIENT 
ECONOMICAL 


DEPENDABLE 








FOR WELDING and CUTTING 


Use National Carbide in the Red Drum 





WW 


WE. ands NATIONAL CARBIDE COMPANY ew York 17.1 


A Division of Air Reduction Co., Inc 
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KNOW ABOUT NEW ‘FLEETWELD 72° 


for high speed production welding ? 


@ Welds Faster. Operates efficiently over a wider cur- 
rent range than conventional E-6012 electrodes. Oper- 
ates best at currents substantially above conventional 


E-6012 rods ... and without overheating. 


@ Welds Easier. Unique arc characteristics assure 
proper root penetration on fillet welds without sacrific- 
ing speed ... minimizes the danger of cutting away 
the top edge on lap welds (Fig. 2). 


@ Goes Farther. “Fleetweld 72's” near flat bead 
shape (Fig. 1) means maximum weld strength without 
excess weld metal eliminates piling up of weld 


metal so common with other E-6012 electrodes to 


give greater weld length per rod. 


®@ ideal On Poor Fitup. Permits easy bridging across 
gaps at high currents and high speeds without burn- 
ing through parent metal to simplify fabrica- 

tion and fitting of parts in fixtures for 


welded assembly. 





| Does NOT 
CUT AWAY 


BEAD ONLY 
SLIGHTLY 
CONVEX PENETRATES 

al 

\ 
aS 











Fig. 1. Proper Weld Metal w/// Fig. 2. Prevents Cutting-Away of fop 
“Fleetweld 72's" near flat thead edge on lap weld . weld flows up 
from to Catch top edge without sacrifice in 


peed. Prevent 


means greater mileage 


ea electrode piling up of metal 


GET 
THE FACTS 


@ Needs Less Cleaning. Smooth, uniform operation 
<r 


many types of work, slag is practically self-cleaning. 


over broader current range minimizes spatter . 


New 


“Fleetweld 72”’ combines the benefits of greater ease in 


@ Premium Performance At No Extra Cost. 


NEW LINCOLN 
“FLEETWELD 72” 
E-6012 ELECTRODE 


featlable in 
! 


te 1 
with AC 


diameter. For use 


or DC. 


producing properly shaped bead with higher welding 
Fleetweld 


2” sells at no increase in price over its famous E-6012 


speeds to cut your welding costs yet neu 


welding partner “Fleetweld 7 


VERSATILE FOR WIDE RANGE OF WORK as in the 
fabrication of machinery parts, automobile frames and 
bodies, storage tanks, shop fabrication of structural 
members... and for all types of flat-position repetitive 
work where duplicate welds must be made in a mini- 


mum of time. 


Write for free Procedure Bulletin 


THE LINCOLN ELECTRIC COMPANY 
Dept. 96, Cleveland 1, Ohio 





Sales Offices and Field Service Shops in All Principal Cities 
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\ prize of $750 will be aw 
best paper from an Indus 
Consulting Engineer or Gover 
Private Laboratory or 
tesistance Welding Phi 
include the economi 
accomplishments described 
prize, $500 will be presented 
heation and, $250 will be 
third place winner 

For a paper emanating 
sity or educational source 
feels has made the greatest 
to the advancement and use 
Welding, a prize of $300 wi 
$200 will be awarded to the 
paper in this classifica 

A special prize of $250 1 
undergraduate who pres¢ 
on Resistance Welding 

The contest 
is open to all trot 
possessions and Car 

Papers should 
AMERICAN WeELDIN« 
30th St.. New York 
be typewritten, double 
side only of | 
graphs, « 
ittached 


numbers or ¢ 


You pay your welders for weld- 
ing... so the time it takes them 
to position the work—or them- 
selves—is Jost welding time. 
But a Worthington-Ransome 
Positioner quickly tilts and ro- " 9 ae a Py 
tates the work for practically ; ; ‘ Yoom 120. at 10:00 
continuous welding—always in March 21, 1950 
the efficient downhand position . : attendance 
that permits using heavier elec- Mens 
trodes for quicker, neater, 
better welds. 
Mass production or job weld- 


Board of Directors Meeting 


A meeting 


ing . . . small pieces or ‘“‘crane’”’ 
work . . . automatic or manual 
welding —Worthington- Ransome 
Positioners quickly pay for them- 
selves with increased production, 
lowered labor costs—up to 50%. 


Capacities from 100 lb. to 20 tons. The 


munutes 
WORTH Finance Committee Mee 

at this meeting were 

i mendation of the 
met with th wwprova 

~*~ 
| S Directors ; 
sisted of 


WORTHINGTON PUMP AND MACHINERY CORPORATION Pe ndassny 


Welding and Assembly Positioning DUNELLEN, NEW JERSEY oh ha: salle al " 
Equipment Division eased saad 
—_~—en ean apap as am le a es ee April 30} 
" 


> 


2) The Society 
Worthington Pump and Machinery Corp. | fir 
Dunellen, N. J member r 
Please send Bulletin 210C on Worthington- | vords FINAT 
Ransome Welding Positioners eee 


out i i tate! 


ADDRESS . 


1 Related Events Tue Wer 
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4 ye THE BEST MERE 
{ Fi A 


: GIVE US 7O HANDLE THIS FUME. 
fu \ TWE TOUGHEST WELL 
WG; A Wy f> $7 WELLING JOB 


IN THE ALANT/ JHERES ALOT 
OF HIGH CARBON, FREE MACHINING 
ANO LOW ALLOY MATERIAL (NV) THAT 
GRADER 
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WAT HOW ABOUT UNDERCUT? HOW ABOUT 
CRACKS (NV THE WELOS ? HOW ABOUT 
NEAT BEAD APPEARANCE? 
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FREE WELDS ON THESE HAR O-7O-WELD STELLS 
\CHAMP/ON MV¥-L0 LLECTROLES AAE STAR 
PERFORMERS. REMEMBER THIS GRADER 
MUST GIVE PERFECT YEAR-ROUND SERVICE, 

S ANYTHING 
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LY ELECTRODES 
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Tentative Standard extent of extending 
to the foreign visit 
Directors so approved Metallurgical Congres 
ings reported that the Tec! CLA to participate 
ties Committee elected C. D Annual Meeting put 
Lyell Wilson, Chairman and felt that benefits could 
( airman, respectively, for a three cerned as a result of the pre 
another , ir term ending September 1952 ind that the opportunit 
f T.A.C. appointed the information cu 


Made -To-Fit-Your-Job | rsor secutive Subcommitte+ ject of Welding 


D. Evans, Chairman ing would be 


ELECTRODEBY ey) 
ilsor J. J. Chyle, C. H. sponsible for ot 


irk, i 














~ nm Heuschkel, which Sub- guests nor 
Low Aeoyparions ( is to act in the interval be- plant visits or o 
EUTECTIC ween regular meetings of the Technical 
etivi ommittee as is deemed neces- 
WELDING ALLOYS si 
eported that as a result 
Board of Directors at 
22, 1949, the Technic 
tivities nmittee has taken the neces- 
FOR YOUR ears sicps to include soft soldering within 
he scope of the technical ac ties of the auiy secor 
HARD OVERLAY JOBS "~" nical aetivit padhorss 
demanding resistance to a | 
impact and abrasion ee a ae ae | lial 
: ctnigaee aa si K:ditor of 1 


Here’s an example: For bucket teeth Standa tion of Graphics Handt 


spread on t 


tips, working in hard shale forma- . rman reported that invitatior the Woellina 
tions , use EutecTrode 680 to build g - — receives bv the Socrery to The Boa 
up the manganese steel tips to t representative on the A.S.A sx WELDIN 
shape. Then overlay with two on Committee Z15-Standardiza meeting held 
layers of EuteChrom 10 and tio raphics 1950, unar 
you will have a surface which will oard « rectors voted to deeling express the 

f the We 


Secre y le 


outlive any other overlay on inv ol tendec A S.A. Se 
the market. No ill effects tional ommiutte At d for the 

ta t or Committee that the to its su 
AW her to the standards as this outst 
set Ls t oard of Directors re covering 


DEMAND THESE RESULTS panes St Se Seen eee Se ar 


ash wuthor ‘ papers submitted for velding and te 


on YOUR OVERLAY JOBS! JOURNAI rt tion conform wit! AMERICAN Wet 
panel j This 


services ler 


on the parent metal, because 


it's a “low heat” operation 


For any kind of overlay job especially 
if it demands resistance to impact and i 
ypward the 
abrasion, specify EuteChrom 10 , 
s ful 
Eutectic’s new easy-to-use electrode for >racedure Divert 
eck 
hardest overlay. This electrode develops ener wee 
favorabl exten 
a Rockwell “¢ hardness between 63 and mports 
ss executive ny 
68—roughly the equivalent of Brinell 672 


to 740 about as hard as a weld can be! 
Use EutecTrode 680 first, as the ideal 


cushion material—then apply EuteChrom © initiation fee should be est 


charge should be 


10, both at low heat 
send delinquent 
, first two 


plus A service no other welding rod manu- 

facturer can give you. 200 trained Dis- 
trict Engineers everywhere to study your 
welding problems te give you free demon- 
strations in your shop. 120 ‘made-to-fit- 


your -job” Eutectic Alloys available 


EUTECTIC WELDING 
ALLOYS CORPORATION 


40 Worth St. New York 13, N.Y 


a FREE Write for Eutectic'’s “Repair Clinic” free 8 
4g booklet showing hundreds of ways 
you can reduce your production or maintenance 
§§ costs. Or if you prefer, request our District Engi 7 
a: er to give you a FREE consultation demon- » 


stration in your own shop 
& Name 
Address 


City State 








AGE /,//ing ELECTRODES 


a NEW line of Page-Allegheny 
AC-DC Stainless Steel Electrodes 


they’re 


.-- BUT they've been “‘given the works” 
by many large fabricators of stainless steel equipment—on the job. 
And, from all reports, they’re the most all ‘round satisfactory 
electrodes PAGE ever developed for any kind of weld 
on any type of stainless steel. And PAGE has been making 
stainless steel electrodes since the early development of stainless. 


Ask your Page distributor about these new, improved Stainless Steel Electrodes 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, Philadelphia, 
Pittsburgh, Portland, San Francisco, Bridgeport, Conn. 


PAGE STEEL AND WIRE DIVISION 
AMERICAN CHAIN & CABLE 








The purpose of this separate committee 


for the best results would be to study the demand for such 

material, the availability of authors or 

at the lowe st c ost authors or authoritative persons for com- 

piling text, the volume in which it should 

be produced, the list pricing and the proper 
plan for distribution 

President Fraser at this meeting asked 

Ay UY for suggestions from the table for possible 

candidates to serve on this study Com- 

mittee Several were named and the 


following gentlemen were appointed in the 
order of T. B. Jefferson, Chairman 
P. W. Swain and J. Haydock All of 


these men have considerable experience 
in the publishing business, which also 
{ ww ‘ t . i Ss - 
In these days when cost has so much to do have book and other publication sub 
with profit, check with BURDOX first on sidiaries 
your welding, cutting, or safety equipment D. Jose ph, A.W.S Auditor, and E 
Feature for feature, every one of the hun- 
dreds of items in the BURDOX line gives you Holloway, A.W.S Attorney, are to b 
more service yet costs you less for the tex te ttend ] et -— Oo hie 
same quality. For greatest savings Best invited ittend all meeting thi 
Buy BURDOX! Write for literature today! group 


Vembership Status Report of Six 


uj a 
<8 Month Period Ended Feb, 28, 1950 
9 — a 


Trip-L-Flint Lighters President Fra eported that for t 
six (6) month period Sept. 1, 1949-Feb 


28, 1950, the Socrery reported a gain o 
838 members as against a loss of 435 
members, resulting in a net gain of 403 
members. The total A.W.S. Membership 
Cylinder Trucks Cylinder Connections is of Feb. 28, 1950 was 7504 During th 


It it's for Welding or Cutting ... we have it! irst twenty (20) days of March, the 


Society enrolled 62 new members and 46 


mE BURDETT oxvcen company ee ee 


3333 LAKESIDE AVENUE 


CLEVELAND 14, OHIO t £900 Annual Meshing 


reported that the Na- 
tional Metal Congress and Exposition will 











called upon, act in an advisory capacit 
furnish gratis, upon request, a booth at 
the 1950 Metals Show The Metal Con- 
gress and | xpo on will, without charge, 
equip the booth with furniture but will not 
supply backdrop material. It will be 


the Board of Directors and other of- 
ficial SocreTy committees and shall per- 
form other duties which may from time 
to time be assigned by the Board of 


Directors 
necessary that the booth be manned by 


ippointment of Special Committee to \.W-S. personnel 
Study Advisalility of the Establishment The Secretary observed that the Booth 
f a Separate Committee for the Handling will have considerable publicity value and 
of Sales of Books that a couple of companies have already 
Previous action of the Board of Dire - offered their services to furnish backdrop 
tors authorized President Fraser to ap- material A.W.S. Sections can be ap- 
point a three (3) man study committee to prou hed to furnish personnel to man the 
render report to the Board as to the booth 
advisability of the establishment of a In view of the benefits that the Socrery 
separate committee tor the handling ol can possibly werue Irom having a booth 
sules of books, pamphlets, educational at the 1950 Metals Show, the Board Mem- 
lectures, ete., published by the SocieTy bers were in favor of requesting a booth 





TWECOLUGS 


FOR WELDING CABLES 


~~ a a 


New copper solder type TWECOLUGS are 
especially designed for making welding 
connections. They have large diameter 
stud holes with ample wing nut clearance 
Four sizes for cables 6 through 40 


TWECO “LUG-SET” 


Block and Punch 

for attaching lug t* o 
to.contes wit TWECO LUG-SET BLOCK 
sing solder cE . | 
The punch impacts the lug barre! for a 
quick connection with maximum strength and 

conductivity All you need is a hammer 


SS 


TWECOLUGS — mechanical type, are available 
for attaching to cable with a wrench 


See Your Welding Supply Distributor 


PRODUCTS COMPANY (i: 











from the Nation 
Exposition, for 


1.WoUS. Ans 


After cis« 
holding an 
SocieTy would 
for Its SUCCESS 
Directors, upon motion, 
recommended to the Conv 
mittee that it give consideratior 
scheduling an Annual Di 
responsibility would rest with the 
socrety 2 local 
arrangements 
dinner to take 
ning 
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Buy “PROVEN FLUXES” 





for welded assembly 


parts to be welded 


img producing an economica 


“Write for 58 pg. Manual containing full engineering design 
J. H. Williams & Company 
G. D. Peters Company 


Montreal 2, Canada 
Canadian Representative 











Saxe System Welded Connection Units No. 1 


| Years of GUARANTEED SATISFACTION 


behind these GOOD 


“ANTI-BORAX”’ FLUXES 
WELDING CONNECTORS Insist on them — Unequalled Quality 


Cast lron Welding Flux 


eo at i i i No.2 Brazing Flux for Brass, Bronze, Steel, ete 
; . No. 4 Braz-Cast Flux for Bronze Welding Cast Iron 
As used in many welded structures they eliminate all hole punch No. 5&8 Cast & Sheet Aluminum Fluxes 
prs BE ay vomcrcm A, rigid, safe end quickly erected struc No. 9 Stainless Steel Welding Flux 
No. 11 Tinning Compound 
information for welded structures No. 16 Silver Solder Paste Flux 


7 Yor Mfg. By 
See 7, Se ae ANTI-BORAX COMPOUND CO., INC. 
Fort Wayne, Ind. 
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THe WELDING. 
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A.S.T.M. Specifications 
for Steel Piping Materials 


This latest compilation of A.S.T.M 

Standards on steel piping materials, as 

December 1949, the boo ving come off 

press March 1050 includes SOME 50 

widel used specific ations Mater 

ered include 1) Pipe used 

liquids vapors, and ormal and New General Offices 

elevated temperature ; - 7 

sii enailen. io = aad for Metal & Thermit 
nser tubes an bo ! Corporation 


Airco Dealers to Carry 


jj asy-I lo 45”° 


Mobile Machine Shop 
Repairing Farm Machinery 


in Turkey 


tubing tool rent not ul el rs ets ! In a O-oZ 

Three standards for seamless teel government recent) ur- I M p matel au 
tubes cover applications in refineries; and used fro the , on or Oo rhe 1 e and « tolder 
three other heat-exchanger and condenser I nt », mobile machit oO uM civil ed sal the product 
tube standards apply to seamless and move on count repairing farn I » the ilacture this 
elect ric-resistance-welded tubing of various Macnir rm f Inery 1s consid new I I uw 8 1 find 
grades d a national asset in Turkev which the sweceptance | repair and maintenance 
Various classes d grades of carbon government cannot afford to let deterio er u t ps al n shops doing 
and alloy-steel castings, forgings, welding rate. 
fittings and bolting are included in 13 
specifications Many of the applic ations 
are for high temperature and high-pressure 
Service 

The publication is made more complete 
and usable by the Grain Size Standard E 19 
and also by the American Standards 
covering steel and iron pipe (B 36.10) and 
the latest stainless steel document (B 
36.19 

Copies of this 328-page book, heav 
paper cover, can be procured from the 
American Society for Testing Material 
1916 Race St Philadelphia 3, Pa 
$3.00 each 


Career in Metallurgy 


Making use 
techniques the 
Metals has just « 
recording of “Tou 
complete with the 
ground of authenti 


dialog which is 


gram 


interest in, and gr 
Produced as one 
Society's Advisory 
Education, the recording ikes Mobile Machine Shop 


lurgical 


June 1950 Vews of the Industry 





W he rever possibit 


More Power to America heen displayed 


made this impra 
models or other 
direction, drama and used 


mpi General Electric Co. reeently t that 
erica’s productive economy at 


unveiled its More Power to America : 
Special, the biggest electrical displa Fisher 
kit ever built f the division respon plenned 
Almost a quarter-mile long, the LO-car preparation and operation of the conn power 
exhibit train represents the first attempt explained that many prob a ¢ ae 
solved in installing a displa a a 

for the f kine tunnel 0 ft. wide and : 
Specifications worked prone ee 


to display, in one series of related exhibits Geeliv th 
illv. the 


the complete range of products 


production, distribution and = industri 
nuit for t exhib he said, took into 


utilization of electric power 
Believed to be unique in industrial msideration such factors as size, weight 
marketing histor the silver streamliner center of gravit shock resistance and 
s filled with exhibits of more than 2000 of en 
the most modern electri products < 
tems and techniques 
Phe Special,” launched on the rails b 
mpany's Apparatus Department, is 
on the first lap of a nation 
t will visit approximatley 150 


during 1950 and 


rain Will be inspected 

tutives of electrn 
inufacturing and transpor 
the armed services, the 

md TUNIC ipalities 
be open to the general 

our, according to G-l 
explained that the 

train have been ce 
interest those who 
power and those who put 

1 industry and the communit 
the Special ire grouped 
sections Power Generation 
ind) Distribution Drives 
Materials Handling; Weld 
trial Heating; Renewal Parts 
Lighting Components low 


\leasuremet Civie Improve 


ectives were ce 
CorTh pear executives ata 


representa 


Shown here is the welding display section of the More Power To America Special 


of 11 exhibit units aboard the l0-car streamliner, are a complete 


Included in this sectio on 
samples of various welds and resistance 


line of are-weldi nt and accessories, 


atrol item. 


-welding 


on inehuded 

erben Vice-President and Gen 
Manager of the Apparatus Depart- 
er H. Lang, Vice-President in 
Apparatus sales; J. Stanford 
Manager of the Apparatus Depart- 
Advertising and Sales Promotion 
Clayton P Fisher Ir 

Apparatus Exhibit Tram 


Peare, Vice 


The More Power to America Special, the General Electric Apparatus Depart- 
ment’s 10-car exhibit streamliner, rounds a bend on the New York Central 
tracks outside of Schenectady, \. 


lure Wet 





NEW LITERATURE 





Structural Design in Metals 


Guide to Hardfacing 


15 Production Welding 


Case Histories 


Resistance Welding 


in Mass Production 


Hard-Facing Reprint 


Hf 
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— ——_ 
i RN ae MORN Kyte 
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t treatm 


king, 


Are Welders ng hea 


underbead erac 


of industrial are welders h 


America this | 


in ast mont 
the fir in } construction and 
nada, of t rth: r equipment, who are welding 


for 


iT 


| paper 
clusive 


le 


vdoff 
t of Arcos el ul nd one which has been 


gram tor «dis here ne 
velding e« but of motors with stainless 


julpment 


ind other general 


gh 


ig 


trodes, to be neces- 

diversified mance 

lines of the hehin intages of 
Vienna, Austria es 0 ctro ure 

be presented is 


Are Welder 


machine is a 


this new 
trodes have 

The slag 
ind 


Phe ele 


Ww spatter loss 


teEN 300 1D)-€ 
M.A. rated 
motor-driven 
60. 


nipulate when molten 
vhen cold 
qual 


dable 


NJ 
operator series eX 
controls = give 


the ¢ 


velder rated at imp 
und = employing ross welding perform- 


! (Operating Principle 
for a bulletin on the 


controlled electrodes 


Welding Electrodes 


of Philadelphia, Pa., an Thermo-Grip Soldering Tool 


of three new 


fl hvdrogen 
the ls nest 


development 
economy 
Tool 
In 
that 
prin- 
! 


Is 


| 1000-watt 
Soldering 
il Industries 
Iil., 


tance heating 


line ©o 
1 is 


Known 
simplify 


sy 


fabricatior 
t 1 welding amore 


ination o tw 


t prehea 
eels resis 


strength = st 
120, 000- pst 


higt 
100,000. and 


70.000 Phermo-Grip mode 
ced portable unit does 
ind easier 
liscolored 
with the 


power 


ilend TO 
the 70.000 


rroades 


t ation or 


The Time 
sucl matic equip- 


machines wutor 


iuto 
photographic 1 


in 


g prehe 


yboler 


hinat 


lon pre 


ind without annealing 


erack-free welds witl 


parable to that of the ca 


Veu 


pP oducts 


510 


circuit has been car 
is self-compensating for chan 


voltages 


Welding Gloves 

The addition 
welding gloves 
been announced 
Co., a division « 
was annourne 
The ne 
ind ““¢ 
rhe 
three, 
eather 


it 
VW giov 


wit! 


mum heat res 


k, whicl 


j 


is designe re 


»increa 
lacturer report 
seam 
vided by 


yy 


the base « 
The “B 
the medium pri 
construction |! 
gloves have palm 
ot 
cowsplit back 
The “( 


offers construction 


chrome inh 


but has a two-piece 
All three g 

For inforn 
other accessor 
13, to the Air 
Air Reduction Sales 


New Ye N.Y 


loves 


atl 
» Sales 


rk 


Machine Vise 


recently announce 
combining gre 
long stroke 


The 


unit 


signed 


up 


ous 
action 
model ts 
variable si 
ind compli 
iV 
' 


stroke is 
Dressin 


g. Ss 
Sil 


model 
pre vent 


spot 


Tut 


efully designed 


WELDING 





Electrode Holder 


\ 500-amp. electrode holder of the 
type, known as the BT-5, taking */<in 
electrodes, is now made by Jackson Prod 


ucts, Warren, Mich 


Blade-type spring steel jaws are sit 
wide and grooved to hold rods at four dif 
ferent angles, in either right or left hand 
Cables may be brazed, soldered or clamped 
to the copper alloy able connector 

Like the recently announced 300-amp 
blade-tvpe holder it consists of onl 
parts, easy to replace It is well in 
sulated, including the improved Jacksor 
iw insulators, and is exceptionally cool 


working 


Precision Torch 


The Precision Engineer 
of Saginaw, Mich., has ar 
volume 


production | 
butane-propane gas torch 


de veloped 


hereafter to be known by its tradename 
the Precision Torch, according to Preston 
Y. Davis, Company President 

Weighing only 4 lb. fully loaded, vet 
ipable of generating heat up to 2200 
is believed to be the first torch of 
kind on the market rhe Torch hs 


tanks or moving parts of at 


hoses 
It totall self contained in 
10 in. high and 2 in. in diameter 

The Torch, designed for light brazing 
soft and hard soldering and all other get 
eral heating operations (requiring tem- 
peratures up to 2200 can be une 
nm any position without) impairing its 
effectiveness It can easily be filled | 
inv individual or liquid petroleum gu 
dealer from a bottled gas ank One 


filling gives seven hours of continuous 


JuNE 1950 


operation at a cost of | than four cents 
Pressure is constant until the Torch is 
ompletely em 

Precision Engine Mig. Co 
(oy 


Goggle 


headrest 


burners, brazer und furnace men 


or gas welders, cut 


new, np I n tor making it 

ensil vdjustable = te vy head size is 
imnounced = by I ( Optical Co 
Southbridge, Ma 
The compa idapted the “‘free- 
floating” headgear long used on AO weld 
ing helmets for use on the goggle A slight 
i knob adjusts the goggle to the 
wearer's head size The mechanism is 
enclosed in a fiber tube for insulation and 


to prevent hair pul 


presently de- 
with a 
s two 
rextra 


capac 


rar ac 


pany, Ar 


Maintenance Workers* 
Porch Lights Instantly 
Uses **Throw-Away” Fuel Can 


hand torch 

main 

ir provides requir u ippheation ol 
overhanging t fame has | fh pel ted alter 
field “1 Mmntenance 
ow 1 hi and obbers 
Prepo i ‘ reh 


with match, burns with 


be instantly 


which 


Designed to be worn o per 


onal glasses well venti ot flame and does away 


ted, indirect le shi to keep out pumping and priming 
metal sy} hes and stray light 

t goggle may be 
tained t ither Noviweld or Novi- 
eld-Didymiun I in several shades 


ibl ove lenses are provided to 


these mor tly filter lenses 
more } 


AQO-Brar 


Turning Roll 


designed tor 


gage tanks t 


Products 





characteristic of ordinary blow torches 
‘Prepo” fuel is supplied in a disposable 
can, much the same size as an ordinary 
beer can, which is sealed and locked in 
place is 4 part ol the torch When 
empty, the container is removed, thrown 
sway and a new, full can of Prepo” fuel 
ittached 

The new “Prepo” fuel is a compound of 
hydrocarbons which is self-pressurizing 
und self-vaporizing. It is a nontoxic, non- 
POLSOTLOUS low pressure fuel Packed in 
the new, handy container, it seals into the 
Prepo” torch in such a way that when the 
valve is opened the burning tip can be 
lighted with a match as easily as lighting a 
gas stove. Within 30 to 60° sec, the 
flame achieves its maximum heat of more 
than 2200 

Field tests have shown that the new 
torch is ideal for hundreds of jobs don 
daily round maintenance shops Both 
torches and fuel are being marketed 
nationally by three leading companies 
They are Maremont Automotive Prod- 
ucts, Ine Appleton Electric Co ind 
Bell & Gossett Co 

For further information write Pressure 
Products Corporation, 140 N. Dearborn 


wo 2, Ilinois 


Machine for tutomatic Welding of tlhaminum 


Many of these un 


operation during the 


Argon Metal Are Weldi Weld-Air-Matic 


of Aluminum for Spot Welders 


i full production we 
daily Thev are m 
of 10,000 welds per 


ruggedness and efficic 


A new machine for automatic welding of Accompanied by complete, detailed in- 
- ll theo aftr 

uminum by the argon shielded metal are stallation 1 uctions and diagrams, a 

small, compact, self-contained unit is now 


\ lable te d t ( t ~s 
Phe Linde Air Products Co nie of iuilable vid the advantages of ai 
pressure operation to regular foot-con- 


elding proces has been announced b ' : The Weld-Air-Mati 


per horn of conver 


tCnion Carbide and Carbon Corp This 


ling machine uses an are maintained 


trolled rocker arm type spot welders welders : 
The unit i ed Weld-Air-Matie, and pressure of 1 to 

is manufactur the Robt. W. Hoffmar particular requirement 
Co., Ine., of we ust kliminat 


shield of argon gas between the con- 
ile filler-metal electrode and work- 
The electrode, supplied as i coil of ear ee ae mee 
‘ osited ucross t ‘ . 
leposited a roe he are into the Matic operates t 
filler metal Phe process is appli 
o either machine or hand welding 
ill of (he metals that aad 
00 
by Helare welding 
sure, energ! 
ittal effe s being concentrated on ——- ting vals 
itin ilve 
welding f aluminum plate Phe | ite in conjur 
juipment for mechanized welding is Weld Timer (¢ 
ek me 
own as the “Linde” FSM-1 machine \ 
Welds are el ds t No fluy : 
lds are clean and smooth » flux minimum of 80-lb 


used The possibility of flux corrosiot All 


ontre 


eu. tt. of arr supp 


or entrapment is eliminated, and cost of 
trong 


eaning and finishing the welds is sharp! 
edluced Welding is fast and weld qual 

higt The aluminum allovs, welded 
mmerciall by this process present! ‘ Weld 
ndard 


| in, thick Almost any thickne j 


obtamed 


ude 28, 38, 52-8 and 61-5 in plate 


welded b i suitable number o i 7 W. Hoffn 
With the FPSM-L machine now : 


mutt welding is performed im the 


Chicago 


und fillet and lap welding i 
d horizontal positions 
itors of such equipmen i 
nk ears, storage tank and pres 
ind chemical and food pros Hard Facing Electrodes 
equipment argon shielded met 
welding offers a low cost, high-qualit o one 
method of welding at rapid rates of pro 
luetion Deseriptive folder on this new 
process is available on request from The 
Linde Air Products Co., 30 ] f2nd St 
New rk 17, N.Y 


y12 ) Tur WeLDING 









Whats the night X Rey tila 7 









a 





SSS 


Product: es 


—. 
tae 






~___Pressure ye sel 
Materia) - = 










roid rolled Steel 
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KODAK INDUSTRIAL ———— = 


A TYPE OF FILM FOR EVERY PROBLEM 


To provide the recording medium best suited to 




















The wall of the tank was thick—the kilovoltage available 







was low. And the customer was impatient for delivery. 











: : : ' any combination of radiographic factors, Kodak i 
So the radiographer did this job with Kodak Industrial produces four types of industrial x-ray tilm. They v 
X-ray Film, Type kK. furnish the means to check welds efficiently and He 
aaa : , . ' thus extend tthe use of the welding process. } 
rhis film, in contact with lead foil screens, has suffi- 6 | I; 
ciently high speed to allow reasonable exposure with i 
7 ae 7 Type K has medium contrast with high speed. For gamma ei 
equipment of moderate power Phe good definition so ray and x-ray work where highest possible speed is needed H 
obtained is added assurance that significant weld irregu- at available kilovoltage without calcium tungstate screens Lf 
larities will not be missed. Type F provides the highest available speed and contrast ; 
when ¢ xposed with calcium tungstate intensifying screens 





RADIOGRAPHY Has wide latitude with « pect Ww gamma rays, ex 


posed dire tly or with lead 














IN MODERN INDUSTRY 

Type M provides maximum radiographic sensitivity, high 
A wealth of invaluable data on mtrast, and exceptional detail under direct exposure or 
th lead ’ scTreers t is¢ tra fh TH I « sine 
radiographic principles, practice, with lead foil att xtra Dine gram and the speed 
. is adequate for examunat i hight alloys at moderate 

and technics. Profusely illustrated kilovoltage and for much million-volt radiography 

‘ hotographs., colorful draw- 

: ith pa = , - ; Type A ffers high ex ras th about three times the 
ings, diagrams, and charts. Get speed of Type M, but with slightly more graininess. Used 
your copy from your local x-ray direct or with lead foil screens for study of light alloys at 

dealer—price $3.00. low voltages, and of heavy steel parts at 1000 ky 









EASTMAN KODAK COMPANY 

26 re | io ra h X-ray Division - Rochester 4, N. Y. 
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a “Kodak” is a trade-mark fo 


another important function of photography ho 
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HOW TO SIMPLIFY 


PERSONVEL ODD-ANGLE PIPING 


The ease with which pipe can be ir 
at odd angles for compactness is a 
tant reason for the widespread pr 
for Tube-Turn Welding Fittings 
Browne Moves to Boston ‘ For example, one of the country 





consulting engineers (mame upon 
states: “We employ a great number 
perienced welders in all parts of the 
They all prefer Tube-Turn Welding 
because many of the fittings 


R. L. Browne, New England representa- 
tive of National Electric Welding Ma- 
chines Co. of Bay City, Mich., formerly 
located at Albany, N. Y. has moved his 
office to 10 Post Office Square, Boston 9, 
Mass. Mr. Browne is a member of the 
AMERICAN WELDING Socrery 


be cut to odd angles. When lining 
fittings, cutting them and placing them int 
the line, our welders say they are more 


L. J. Gottschalk, Jr., 4 ANGLE 
= 
Increases His Territory " 


L. J. Gottschalk, Jr., Chicago represen- 
tative of National Electric Welding Ma- 
chines Co., with offices at 2400 W. Madison 
st Room 626) Chicago 12, TIL, has 
expanded his territorial activities to in- 
elude the Indiana territory formerly 
handled by Welding Equipment and Sup- 
ply Co, of Indianapolis. He is a member . ‘i sure of accurate alignment ; 
of the American WELDING Sociery P oe Tube-Turn Welding Fittings than 
other make.’ 
Arcos A ppointments . Gordon List There's good sound re Is f 
preference. Tube-Turn Weldis 
Arcos Corp., manufacturer of stainless New Arcos sales representative is J. J Returns are formed to give 
low-alloy high-tensile ands nonferrous Schlass, who will work in the Philadelphia larity . accurate t 
electrodes, Philadelphia, Pa., announces district Mr Schlass was previously to-face dimension 
three new appointments to its staff They associated with Hobart Welder Sales and formity of wall tht 
ire all members of the AMERICAN WeELb- cut a Tube-Turn Wel. 
ING Socrery to any odd angle req 
Bernard k. David has joined the com- up perfectly with the pif 
pany as «a special field engineer, located in Tube-Turn Welding Fittings 
Los Angeles. Previously, Mr. David ' in a complete range of st 
veted as manufacturer's representative for materials. For speed, simpli 
i line of welding supplies He was earlier tility in piping installations, be s 
connected for ten years with the Corpus genuine Tube-Turn Welding Fittings. 
Christi Oxygen Co., Corpus Christi, Tex 


Tube-Turn Welding Pittir 
fabrication of intricate pipi 
uch as the installat 
{rue circhiari and 


J. J. Schlass permit cuttin 


1 und with Williams & Co., Inc 
olumbus, Ohio He also worked as a 
ngineer with Battelle Memorial 

with the Caterpillar Tractor 


Additions to Lincoln 
Bernard E. David Sales Engineering Stalf 


st will a 


Ohio-Western Pent he d t offices of the Lin 


spew e welding engineering staff of sey 


usisting Williams & 


burg Pa nm the le ot t ! . | | " ‘f 
ares * wR PERN a ee, ee Be Sure You See The Double tt 


For the past 


teeta» Sg -toang lust of Commi tuvesity im te. ©6 OBE TURNS, INC. 


ore joming 


wiated with the Gulf Oil Co har rineering LOUISVILLE 1, KENTUCKY 


Pur Wetpinc Jo 








Lin all Hoe wal 
Hhewti only rut WBE TORN 


UZ pA aa 


end fang 


¢ TUBE TORWS dedfachifr- tar 
agen P cfoek 
Doel doe 


TUBE TURNS, INC., LOUISVILLE 1, KEN TU CKY oisreiurons im au paincirat cinis 


DISTRICT OFFICES: NEW YORK + PHILADELPHIA + PITTSBURGH + CHICAGO + HOUSTON «+ TULSA + SAN FRANCISCO + LOS ANGELES 
In Canada Tube Turns of Canada Limited, Chatham, Ontario 





J. J, Chemerys industrial 
sweounts in the Syracuse territory He is 
Penn State in Industrial 
worked for the Joy 


Is serving 


a graduate of 
Engineering and 
Mig. Co. before joining Lincoln 

Both 
WELDING SocreTy 


are members of the AMERICAN 


eh ARR 
OBITUARY 
L. H. Buckmaster 


sJuckmaster, 43, District Manager 


in Detroit, died March 

f injuries received in an 
ident. He had been in the 
Lincoln sales department for 20 years, 16 


for Lincoln Eleetri 
on 


i result 


sutomobile ace 


of which were spent in the Detroit area in 
the development of welding in the impor- 
tant tool and automotive industries 
Through his study of manual and auto 
matie welding processes and manufacturing 
have developed during the 


Buckmaster became 


methods as they 
past 20 


years 


recog- 


nized by automotive engineers as an au- 


thority on welding in automotive manu- 
facture His services as a consultant on 
the application of automatic welding were 
valued throughout the industry. He was 


also recognized i an excellent organizer 


and trained many young engineers 
field of automotive welding appli 
He was 4 Mechanical 


State College 


Engineer 
graduate of lows 
started with Lincoln Electric in 
of 1929 and 
Detroit 
1938 to 
territory 


‘ 
went inmediate 
ren ws sales ¢ 


1942 he 


engineering we 


tions in the major industries 

He returned to Detroit in 1942 

manager Mr. Buckmaster w 

of the AMERICAN WELDING Soctt 
He is survived by his 

und three = childret Rowe 

Nancy 
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CURRENT WELDING PATENTS 





prepared by }. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 10. D. ¢ 
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Do HY of your welding 


more easily and 
WITH JUST 7 TYPES OF G-E 





Yes, with just seven basic types of G-E arc welding than 70 G-E electrode types assure you of precisely 
electrodes, you can successfully handle 85‘, or the right rod for a given application; for general- 
more of your general welding jobs... in many purpose welding, however, you can cut rod stocks by 
cases doing a better job more quickly and easily. standardizing on these basic 7 

For the remaining “special” jobs, a total of more 


TYPE W-22-AWS E6010, d-c reverse polarity, all TYPE W-27 AWS £6020-30, a-c/d-c, flat and TYPE W-28 -AWS £6012, a c/d-c 
positions; recommended for all types of joints in mild horizontal positions; recommended for high-speed straight polarity, all positions. Designed 
steel. Produces welds of excellent appearance, high production of butt and fillet welds on mild steel for mild steel, general-purpose welding 
tensile strength, ductility, and high impact resistance Permits higher speeds than other production elec this electrode possesses a very stable arc 
Typical applications include pipe-lines, shipbuilding, trodes, making it particularly suited to jobs where without excessive arc force. Excellent 
structural frames, tanks and pressure vessels distortion must be minimized fusion, good appearance with minimum 
convexity, and easy slag removal 


You can put your confidence in— 


GENERAL ELECTRIC 


72-3 


THe WELDING JOURNAI 





jobs 
economically 


- ELECTRODES 


ommends ee 


Gee 

Joe Mav rec 
specifically w-2075 FOR 

ON 


. develoP te on Ct 
rable were 
fully 


ble or 
y ste “jike OP 


machine 


affecte 
W-20 


write your 


oday 


75 on your oO 
Try ai 
Call of 


order t 


TYPE W-32 -AWS £6016 or E7016 TYPE W-2347 AWS 347-16, a-c/d-c reverse 
o c/d c reverse polarity, all positions; a polarity, all positions. A stainless-steel electrode for 
low-hydrogen electrode providing higher welding AISI Types 302, 304, 308, and 347 stainless 
welding speeds, increased impact strength, base metal For other special types of stainless, 
and greater ductility. Eliminates under- G.E. offers a complete line of stainless electrodes 
beod cracking when welding medium-car to match specific analyses.) 

bon steels, sulphur-bearing steels, etc 
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and a $a 


\ding Distribut 


TYPE W-94 —-For building up or hard-surfacing areas 
requiring high abrasion and impact resistance, you 
can't beat W-94. It's an all-position rod especially 
suited to welding plowshares, hammer mills, scarifier 


teeth, tractor grousers, rock crushers, etc, 


So en Aen a ae 





hoven, Netherlands 

ford National Bank 

Hartford, Conn., as trustes 

This novel welding ro 
which comprises [rom 
powder and from 5-S80% of 


of a semiconducting tit 


2,504,711 AUTOMATIC 
MACHINE Sve Lat 
Lundahl, Malmo 
Allmanna Svenska 
bol wet, Vasteras 
corporation 
This welding 1 


. ¢ less member whic 
In every major plant | poet 
iQ eleetrode holders pivot 


An electrode mag 


. Rs M 
welding personnel state: (em 
. E, supplies electrodes 
¥ electrode holders en 
M Ld ie 4 on the guide memlb 
9 oad W ae Wee te 
: back the electrodes unt 
¥ force is exerted on the 
Survey after survey shows that Welding Journal is read 
by approximately 30,000 engineers, executives, de- 
signers, draftsmen, supervisors, technicians and practi- 
eal welders every month .. . reaching the “behind the 
scenes” purchasing power of the welding industry at 
the lowest unit cost. Why do these men read the Welding 
Journal? Because: 2,504,753 -Wetpina Mr 
PARATI William H 1 
Glen Ridge, N. J., assignor to 
house Electric Corp 


tional means clamp t 
electrode during 
welding surface 

the electrode 


Ince 


Pa., 4 corporation of Per 


The method of tl 
1. Welding Journal is the official organ of the larly-direeted to cor 


American Welding Society and the Welding ine Somme 
Resea*tch Council. nr alters - fa 
the smaller conduct 
2. W elding Journal contains more than 2'4 wnat cata ceased 
times the editorial material on welding than any sides defining the pec 


. ‘ ’ onduetor to 
other magazine in the world. larger condu | 
grip the smintler ! 


2,504,777 Wer 
Wreford, Detr 


A spec 
of research. suitable for use 


3. Welding Journal each year gives its readers 


the results of more than a million dollars’ worth 


disclosed in tl 


4. \ elding Journal contains news articles and 2,504,802 Bra 
regular feature sections of direct interest to the sea . 
: _ eTZUSOT sre 
practical welder, as well as welding engineers. Westing! 


engineers who are interested in welding, and Pittsburgh, Pa 


designers. 


S. Welding Journal's “News of Industry”. “New 
Products”. and “New Literature” sections are the 
“Bible” of the industry. 


SO REVEMBER — WELDING JOURNAL gives 


you more for your advertising dollar than any 
other welding publication in the world! 


Tie Wt 





SUPER-DUTY CUTTING OUTFIT No. 8 


Complete and ready to use, consisting of 
famous "75" Torch with Stainless Steel 
Head; No. 53 Cutting Tip (will cut up to 
1 Ya-in.); 5902 Heavy-Duty Single-Stage 
Oxygen Regulator; 5905 Acetylene Reg- 
viator; 2-25-H. lengths Hose with Connec- 
tions, Torch Wrench; Regulator Wrench; 
Friction Lighter; Goggles; Cutting Guide. 
Only $99.60. 


Leakproof Diaphragm 
Valve is the simplest, 
safest, most economical 
type of high pressure 
oxygen control ever de- 
signed. Stainless steel 
control lever and beor- 
ing provide smooth sen- 
sitive action. 


Triangular Tube Con- 
struction gives exception- 
al rigidity and strength 
Tubes are silver-brared to 
head and body for moxi- 
mum durability. Accurate 
needie-valves have stain- 
less steel conical stems 


Choice of Heads—trugged 
stainless steel or husky 
forged bronze. Faster safer 
non-flash tip-mixing princi- 
ple. Accurately swaged 
tips assure unrestricted flow 
of gases, actually toughen 
with use 
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better cutting 
at less cost? 


“TORCHWELD 75” 


The heavy duty cutting torch that gives faster, 
cleaner cuts... longer, more economical service 


There’s no other torch on the market with all the refinements of the 
“Torchweld 75", It’s designed better, and built better to work better 
for you. 

Time after time in shops, foundries and metal salvage yards where 
heavy work and rough use is the rule, it’s the **75” that’s preferred. Yet 
despite its ruggedness, the “75” performs with knife-like precision. It 
cuts clean edges with an absolute minimum of kerf. It cuts faster. It 
cuts easier, 

Ail this means savings—savings in working time, in materials, in gas 
consumption, in maintenance—savings that add up to an impressive 
figure during the “75's” long useful life 

Available with stainless steel head at $35.00; with forged bronze at 
$29.00—at your nearest NCG office or dealer. Write for Catalog NTW-110 
for complete details on the famous “75” and other quality Torchweld 
apparatus. 

Write for Catalog NTW-110 
NATIONAL CYLINDER GAS COMPANY 
Executive Offices 


858 North Michigan Avenue, Chicago 11, Ill EVERYTHING FOR WELDING 


CLIP AND MAIL THIS COUPON TODAY 


ee eae een 


NATIONAL CYLINDER GAS COMPANY 

858 N. Michigen Ave., Chicage 1}, lilineis 

Please rush me a free copy of NCG Catalog NTW-110 con- 
taining full information on “75”’ Cutting Torch and other 
quality TORCHWELD apparatus 
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inthony Wayne 


The photograph of the Atomie Hy- 
drogen Welder’ shows the prize which the 
Indiana Section was most fortunate to win 

Anthony Wayne Section welding 
By the expressions on the faces of 
alter 
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the 
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frizona 


The regular monthly meeting of this 
Section was held in the Verde Room of the 
Hotel Westward Ho on April 19th. There 


were approximately fifty-five in attend 

unee 
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New England Meetinge—Hartford Section. 
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Fairhurst Ingersoll-Rand Co V ice- 
Chairman, L. P. Elly, Bethlehem Steel 
Co Sec.-Treas., Julius Naab, Ingersoll 
Rand Co Past Jr. Chairman, Q ke 
Charlesworth, Bethlehem Steel Co.; Diree- 
tors (for 3 years), R. FE. Somers and R. A 


Jartholomew 


Louisville 


Phe April 25th meeting consisted of a 
series of discussions based on talks by 
four members on various types of welding 
Mason 8S 
tioned each speaker to draw out the per- 
information from each talk and 
guided the discussion from the floor, 

Clarence KE. Sehiller talked on (ras 
Pipe Line We Iding,”’ L. G. Rickert spoke 
on “Welding of Stainless Steel,” M. P 
Corcoran, Jr., on “Copper Joining,” and 
kL. B. Cox of Newark, N. J., on “Welding 
wnd)s Fabrication of Manganese-Nickel 
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experiences which made the program 
interesting and profitable 
A social hour and lunch followed the 
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Mahoning Valley 


The monthly meeting was held on 
Phursday, April 20th, at the Tod Hotel, 
Youngstown, Ohio Technical speaker 
was R. W. Tuthill of the Welding Division, 
General Eleetrie Co., Fitehburg, Mass 
Mr. Tuthill’s talk on “The Use of Inert-Are 
Welding and Its Application’ was very 
well received by the group and more 
questions were asked during the question- 
nd-answer period than in any meeting of 
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speaker and has a very wide knowledge in 
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The March meeting was a joint meeting 
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diseussion of television was given by 
Ricehardo Muniz, General Manager of the 
vision Division of the Allen B. Du- 


} 


oratories This program was 
f in that Mr. Muniz 


wiswer questions of both «a 


‘ 


very technical nature 


Maryland 

The regular dinner meeting of the 
Marviand Seetion was held on April 21st 
at the ngineers’ Club, Baltimore Jack 
Dunn of the 


resuline 


Baltimore Orioles’’ gave a 
preparations for the coming 
season, whir “ well received by the 
members om the number of questions 
und the discussion, it often seemed dubious 
ws to whether this was a welding or a 
baseball Ing 
Prior to the technical session, the Chair- 
man announced e Cumberland 
Valley division now w 22 members in 
good standing and the encouraging rate of 
growth leads to the prediction of further 
wains his is further supported byw the 
exceptionally large audiences at the 
meetings held in Hagerstown 
The technical session was 
B Ted) Jefferson, Editor 
pines His talk 
il Necessity 


brought out 


important role maintenance welding plays 
in the welding field as a whole At the 
initiation of welding, in the dark ages of 
the uncoated rod, maintenance welding 
was about the only field in which welding 
reliability 
space with advanced methods to become 


was tolerated It grew in 


one of the prime mamtenance tools The 
audience followed Mr. Jefferson’s lucid 
exposition, appreciating his easy, good 
humor, which facilitated the absorption 
of the prin iples of good maintenance 
welding. The session closed with a lively 


discussion 


Vichiana 


Properly applied welding can be a tool 
of enormous value, but if used without 
suitable consideration, it can cause all 
kinds of trouble Thus did Charles H 
Welding Manager of Westing- 
house Electric Corp., Buffalo, N. Y., set 
the stage for his talk to the Michiana 
Section on “Plan for Welding.” 
before the April 25th meeting, Mr. Jen- 


Jennings 


Given 


nings stressed the fact that successful 
production of welded parts can only be 
weomplished by total cooperation be- 
tween the designing, processing and manu- 
facturing departments 

Mr. Jennings pol ted out the role of the 
A.W.S. in the standardization of welding 
rods and commented on the reason for all 

AL and d ¢., manual 
metallie are or inert-gas- 


the various types 
ind automatic 

shie Ided ire each has its own place, and 
when the engineer knows what he needs 
ind how it should be done, and the opera- 
tor knows what is required, welding be- 
comes the tool whieh can make your prod- 


uct better 


New Jersey 


The April ISth meeting was opened with 
the showing o e film, Faster Than 
picted the testing of a 


rocket) plane in 


Sound 
pilot mo sere 
Cire 

is shown, the Section 


was dispensed with and several 


business 
visitors were introduced, including Simon 
\. Greenberg, Editor of the Third Edition 
of the Welding Handbook 


was won by W. Dolan 


The door prize 


The feature of the evening was a quiz 
program, the 1950 Battle of the Sections 
with contestants trom Bridgeport, New 
York, Philadelphia and New Jersey Sec 
The four Sections were represented 
by the following: Bridgeport —Linae 
Bock, R. S. Pulver, J. Mitche 
York—Javy Bland, R. 8. Donald, 
Kugler; Philadelphia—! 
Raymo, A. Schaeffler; New 
Humberstone, K. Koopman, 
The judges were ©. Frederick, 
Mulligan, and A. M 
Wilson, who conducted last 
Battle.” in New York, was again dr 
by popular request to act as Moderator 


tions 
k:lwood 
Setapen 


The quiz was conducted by asking eacl 
af 


team one question Irom each OF SIX Ca 
When the spokesman tor 


gories. t 
completed his answer, the other teammate 
were permitted to vdd further Other 
teams were also permitted to 
answer providing the five-mint 
allowed for each question had not 

The six categories from whicl 
tions were drawn are 


2) oxyacetylene 


welding 
welding with covered ele 
submerged-melt welding 
tungsten-are welding an 
welding. 

The New York Se 
contest and eact rmieml> 
received ‘ suitably 


lighter as a prize 


Vew York 


On April Lot 
participated in 
meeting with the 
the American So 
this meeting the 
Claussen, Metallurg 
Dundalk, Baltimore 
chose as his topr 
Developments Affect 
try 

In his comprehe 
sen touched upon the 
in the development 
processes, as well 
problems amd the 
stainless st 
in his talk 


shielded arc-welding 


New Jersey Meeting 


Icfivilies 
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ind Rail 


is St 


highlights of } 
methods 
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onclude 
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tal 
discussion of surt eel 
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d “The Welding 


vealed the act 


Clausser 
present 
| 
\r 
ition re 
wtual welding operatior 
R Manas 
ind Methods, w 


Chairman for the meeting 


Mate 


hnical 


rials 


Clauser 
the Tec Tri-State 
introducing the Pascagoula 


discussion 


The 1G. M 
rr ‘ guest 


speaker and conducting the 
perio oncluded the meeting - 


d at the Building 


New York 


Vorthern 


Western 


Iding 
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Banquet took place at 6:30 P.M. with Phillips Mfg. Co., Wichita, explained just kk. N. Adams was 
special features including a sharpshooting what A.W.S. has done for welding through Chairman's Pin by J 
exhibition by Corp. L. Coykendall of the its many committees and code work Secretary 
Michigan State Police, and a talk by Harvey Bates of Socony-Vacuum Oil Co., The following « 
Harris Goodwin, District Sales Manager ind a graduate of Kansas State College elected Chairn 
The Bastian Blessing Co., Chicago, Tl gave an inspiring talk to the boys on their First Vice-Cha an, William 
future in welding and how he arrived at Second Vice-Chairman, Arthur W 
P p his present station since leaving college Treasurer, John | Sloan 
Wichita Roy W. Poe, of Tweco Products Co., gave Wesley A. Proctor; Direct 
The first monthly meeting of the Kansas them the “Sales Slant’’ that welding offers vears), Martin J. Con 
State College Student Chapter, Man- to young men who desire to make selling Donald Greenwood 
hattan, Kan., was held at the college on the their life work. The entertainment, 
evening of March 24th. There were ap- All of the tal 
proximately 25 students present, together from five to ten minutes in length. Fol- fessional floor show 
with their sponsor, William J. MeClure, lowing the talks Mr. Townsend presented amateur hour. Dancing 


ind their welding instructor, C. P. Ballard i “History of Welding.”’ 


ks were nontechnical and of Francis 8. Harvey 


Alvah F. Dyer, Chairman of the Student The April meeting was held on the 10th 
Chapter, very ably presided. Other Chap- it the Western [ron and Foundry Co 
ter Officers present were Robt. K. Morgan plant \ buffet supper Was sé rved in the 
Vice-Chairman; Don R. Sheets, Secretary offices of this company. J. 1 Dato 
und Harry Parker, Treasurer Division Service Supervisor of The Linde 

The program for this first meeting wa Air Products Co., Kansas City, Mo., gave 
furnished by the Wichita Section. The in excellent 
K.S.C. Student Chapter is a Division of vith which he is most familiar Ad 


presentation of the subject 


the Wichita Section vantages and Methods in Oxvacetyvlene 


H. W. Beeman, Chairman of the Wichita Flame Cutting Practices.” He held com- Employment 


Section, welcomed the K.S.¢ Student plete interest of the audience Slides 

Chapter and extended to them the showing special oxyacetylene applications \\ h4 ’ 
Ree od staat fe ee os Se eae coe | ne 
cooperation District Vice-President Rav iastically received A live demonstration 





L.. Townsend gave a brief history of the of Powder Cutting of Stainless Steel was 

A.W.OS. and explained its operational made by R. bk. Seott of The Linde Air 
structure alone with other facts as to Products Co., Wichita. Keen interest Services Available 
membership, finance, et« was displayed in this demonstration and 

Nr Beeman then « illed on the W iwhita many questions followed \-o04 Welding « 

Section Secretary G. Mitchell Allen, who Experience covers : 
told of the services offered by the Wichita the metallic-are 
Section Pechnical he presentative He W orcester developme nt ! 

iso gave information on the new Welding the developr rent 

Handboo Harry Moberly, Welding En- The Worcester Section held its fourth matic welding electrodes ar 
gineer for the Coleman Co. of Wichita, Annual Dinner Meeting and Ladies Night and operation of equipment 
told of problems encountered in welding in it the Tower House on April 26th. Eighty manufacture hextensive 

i large manufacturing econeern. J. T members and guests attended sociated with are-w 





Vore Power to America with d.-c. welders, which automatically sium, steel and copper 


controls the flow of gas and water as the are welding displays, along 
Continued from page 508 is struck or broken, is shown in. one tion of accessories 
exhibit protective clothing, | 


WELDING Another display includes more than 70 pers, electrode holders 

different tvpes of electrodes Of these How production ¢ in 

Dramatizations of the latest welding the W52 and W2075are recently-improved ucts improved and 
ost reduction techniques, samples ot types , duced througl proj 
various welds ‘ complete line of are- A carbon molybdenum electrode de- electronic resistance 
welding equipment and accessories and signed for welding of low-allov, high-ten shown in two major 
resistance-welding control items are dis sile steels, the W52 can be applied in displays 
plaved in the Welding section of the welding high-pressure pipings and castings One exhibit shows 


Motor Power To America Special where resistance to creep at high tem American industry 


peratures and pressures is desired shock absorbers 


Among the scores of exhibits in’ this on an 
The W2075, designed for producing a ands railway 
section, which occupies one-third of a ear 

Tria hinabk weld on cast tron, consists of represents t 
ire new industrial are welders, improved . 

pure nickel-core wire and an extruded control of tap 
electrodes and new manual and automatic 
black coating that is consumed in the ar enabled a job to be 
holders for the vtomic-hydrogen inert : - * ¢ 
ind produces little slag. [t ean be used in cheaper. In each 
are welding processes 

ill positions on either a. ce. or d. « the welding operation 


Pwo of the are welders, now in produ \ simulated “Welding Stor with with actual samples of 


tho re , - ) ’ ‘ Il ~ " ’ 
an , 200+ and S00-amp. a unit realistic wall and counter displays houses The other 


designed for standard heavy duty indus virtually all of the are-welding exhibits features “slope contro 
trial use One of these is a series of slide visualiza Electric development 


Utilizing silicone insulation fe we first tions showing welding processes, applica- helping to solve m 


time, these units are considerabl l tions and cost-cutting te« hniques problems, parties 


und more compact than the mod t Major exhibit panels feature the displa metals such as 

will replace Another feature of f actual equipment—welders, heads and use of this 

welders is the incorporation of an aut ecleetrodes—for manual, automatic, inert- welding and 

matic “hot start’ deviee which faci . ire and atomic hydrogen welding in projection w 

striking the are Samples of weld beads from hard-to- because the operator is 


A new flow control for inert-are welding weld metals such as aluminum, magne ase welding currents g! 


526 Section Activities THe WELDING JOURNA 








WELDING RESEARCH COUNCIL 


of the Engineering Foundation 





Sponsored by the American Welding Society and American Institute of Electrical Engineers 
American Institute of Mining and Metallurgical Engineers, American Society of Civil Engineers 
American Society of Mechanical Engineers, and Society of Naval Architects and Marine Engineers 
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Study of Core Wire for Electrodes 


® The influence of core wire on the characteristics of low- 
carbon steel welding electrodes. Best results are obtained 
with rimmed steel and sulphur content below 0.03% 


by C. B. Voldrich, D. C. Martin and P. J. of the Technical Committee on Welding Rods. 
Rieppel ile t road problem it i study of several 

re ranging fron carbon > » OXTTa 

irbon steel, and wire for both gas welding and 

INTRODUCTION irc Welding, it was decided to begin the i tigation 

ith a study w-carbe t vi metal-are 

PEEL wire which is produced for use velding. The predominant tonnag = lei sal 
welding is a special commodity which ( the more important problen *" ' = seiailieie 

\ tive practices 1n its manulacture mn ore tion of wire for electric a 
give satisfactory perlormance during welding xtra With the project thus n 


precautions are taken in the manutac 


vestigation W is begun « 

the selection of the heats of steel. 
program 

I : tio the billets din ma r test the ro , ’ 
prepara n of the ( oe on oo King I 1 1 | A study of the infl 
and the finished wire The chemical « IMposition of ' 
re on 
steel must be closely controlled, and the wire is furnish 
to. restricted chemical limits Che oper ne 


It is the consensus of the Wire Rods and W 
mittee of the Ameri } Iron and Steel Instit 


basis of knowledge Ow lable. th 


velding elect 


restrictive practice ! necessary tor 


velding vire quality Phe experience 
gh welding wire 
produced by adherence 


tices, some consumers ot e! 


rest tive spec fi 


velding 
tute authorized a 


Memorial Institute 
C. B. Voldrich, D. C. Martin 
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3. Evaluation of the relative influence of the core 
wires and various types of coatings on the performance 
of electrodes and on weld metal properties. 

4. A study of the influence of the base plate (the 
steel being welded) on the properties of weld metals 
made with low-carbon steel electrodes 

This report presents the results of the research work 
done during the years 1946, 1947 and 1948. The data 
are based on many hundreds of tests of core wires from 
various types of steel, and from various locations in the 
heat and in the ingot. Tests were made with bare wire 
electrodes, and with covered wires representative of 
three widely used classes of low-carbon steel covered 
electrodes. Various types of welding tests were made 
in all welding positions by several operators, and also 


with automatic welding machines 


GENERAL PROCEDURE 


So far as is known, there is no single generally ac- 
cepted procedure for the evaluation of the characteris- 
tics of welding wire. The published data on this sub- 
ject are very meager, and not much information of a 
specific nature was found on core wire tests. However, 
sufficient information was collected, in consultations 
with various wire manufacturers and consumers, and 
with engineers and metallurgists in the welding indus- 
try, to form a basis for a testing program which is be- 
lieved to be representative of general practice, and which 
has provided useful and significant results. 

There are many variables which ean affect the be- 
havior of arc-welding electrodes Among these are: 
(1) the type and formulation of the electrode ¢ oating: 
(2) the kind and magnitude of welding current (direct 
or alternating) and are voltage; (3) the characteristics 
of the welding-current generator or transformer; t 
the position of welding; (5) the characteristics of the 
electrode core wire; (6) the characteristics of the base 
plate and (7) the skill of the welding operator 

Of the two variables of most immediate concern in 
this investigation namely, the electrode coating and 
the core wire—the coating exerts the stronger influence 
on welding electrode behavior This complicates the 
testing problem, bec ause the influence of the core wire 
variables are either masked or altered by the influence of 
the coating. It would be convenient if the usefulness of 
core wire tor co, ered electrodes eould be determined by 
testing only bare wire; or if an experimental electrode 
coating could be devised which would magnify the in- 
fluence of the core wire on operating characteristics. It 
is the practice, in some quarters, to get a preliminary 
rating on the applicability of a core wire tor covered 
electrode use by an Inspection of its composition, struc- 
ture, and surface condition and by conducting certain 
bare wire welding tests. Experience has shown that 
this procedure is useful, within limits. For the pur- 
poses of this investigation, however, it was considered 
desirable to make not only the bare wire Inspections and 
tests, but also welding tests on wires covered with vari- 


ous types of coatings. 


21-8 


Compositions 

This brings up a further problem. For any given 
class of coating, there are numerous commercial formu- 
lations. Some of these may be identical, and others 


may vary considerably in the proportion and kind of in- 


gredients used. Since the specific compositions of the 
commercial coatings are not known except to the elec- 
trode manufacturers, it was necessary to resort to coat- 
ing formulations which are known to be representative 
of the various electrode classes, but which do not con- 
form, except by accident, with the formula for any par- 
ticular brand of electrodes 

During the first few months of the inve 
periments were conducted with various ¢ 
positions until several coatings were found 
duced electrodes comparable in performance 
metal properties with several representative ¢ 
brands It is possible, so far as operating 
tics are concerned, that these experimental 
would not meet the rigorous test of field use 
felt that this was no disadvantage, since an ele 
coating with one or more points of deficiency) 
bring out the influence of the core w 
better coating 

Because of the large number of 
which had to be studied, it was nec 
classes of coating to three, which are 
reasonably good representation of co 
the low-carbon steel type The coating 
E6010 


cellulosic coating type), 


all-position, direet-current 
a Class 6012 
direct-current straight polarity or alt 
rutile coating type and a 
position, direct current or alternat 
coating type 

The welding conditions used in t} 
usually the optimum tor the vat 
Sufficient testing was done with 
low welding currents, are lengths, 
make certain that no important 
overlooked by welding only unde: 
\ given series of welding tests 
ferent welding operators to make 
tions of electrode performance 
Was possible, ot the operator Val 

All of the welding tests were n 
\ limited 


made with three different types of weldin; 


rent welding generators 


determine the possible influence of generat 
istics on the operation of the electrodes 

At the start, it was thought that the base-plat 
able could be eliminated, in the tests of electro 
havior, by using only one grade of high-quality 
steel plate However, as the project went on 1 
evident that the influence of the base pl ite could not be 
ignored Conseque ntlvy, a considerable imount OI Work 
was done with different types of base plates, in addition 
to that originally outlined on the influence of | 
on the properties of weld metals 


for Electrodes WELDING Rest 





TEST MATERIALS tion of the ingots from steels I Che ingots 
from Steel F were cropped 25% he top and 7°) at 

the bottom. The ingots from re cropped 11% 
if the top and 3% at the ps were 
ropped 


Steel Z ingots and they ro} 


Ingots, 


The Core Wires 

The core wires used in the major part of removed from the 

vere taken from commercial heats of steel, whos at the bottom 
chemical compositions are given in Table 1 All of the 

! \ detaile schedule shown in Tabl ich 

I t l hich 


»>two 100-II 


the 


tion 
to tourteen 


is pro 


vires were drawn to in 
schedule of the samples ( d chemica essed int« 

analyses of the wires are given in 1 and ’ were paper Wt upped nt ped to 
lata on Battelle Consequenti\ 
consisted of a 200-lb. samp 


Appendix A. The heat histories an 
and rod inspection ! procedure 
I ghtv-one ol the sa 


n Tables A-3 an 
Cl this report 


ind bottom b 


Steel Types 
mmed 


shake 
I t ts Was demonst 


ville 
top, middle and bottot 


jacent rimmed 


re samples Gr dG 


Sampling of the Heats 


eae SF 


TABLE 1 


Chemical Composition of Wires Used in Electrode Tests 


Semikille 


Killed 





heivadtabe tele ey 


Surface Condition of Wire 


No detailed information is available on the drawing 
compounds used in the processing ol the wires, other 
than that given in Appendix A, and so far no analysis 
has been made of the nature of the surface films on the 
wires. Most of the wires were received in a satisfactory 
bright finish condition, but one or two lots had a some- 
what dirty surface which, under some electrode wire 
sper ifications, might have been unacceptable 

Che choice had to be made in the beginning to use the 
wires either in the as-received condition, or after the 
surlace had been cleaned It was dec ided to use the 
wires “as rece ived, since this would be most re prese nta- 
tive ol production procedure, and since any wire clean- 
Ing operation which effectively removed the surface film 
might change the welding characteristics appreciably 
This is definitely true, as will be shown later, for bare 
wire welding operation ; but for covered electrodes the 
influences of variations in surface condition, within the 
normal limits, is probably negligible, except as it affects 
the extrusion, adherence and dry ing of coatings Never- 
theless, a study of the influence of surface condition on 


the properties ol covered electrodes may be in orde I 


The Base Plates 


The steel plates used for the welding tests were a 
killed steel conforming to A.S.T.M. A-201-44 Grade A 
firebox quality, a semikilled steel and a rimmed steel 
The killed steel plate was received in */.- and in 
thicknesses (both rolled from the same heat), while the 
semikilled and rimmed steels were available in * s-in 
thickness only The compositions ol these materials 
are given in Table A-5, Appendix A 

Phe usual procedure in the preparation ol plate speci- 
mens for welding tests was to flame cut them to the re- 
quired dimensions and then to grit blast the surfaces 
and edges No tests were made on sandblasted ol 


pickled plates, or on as-received plates 


The Experimental Electrode Coatings 


During the time that the core wire samples to be 
tested were being prow essed from the commercial heats, 
experiments were started on the formulation of suitable 
E6010, E6012 and E6020 coatings In the initial tests, 

in., low-carbon rimmed-steel core wire Was used 
The composition of this wire was within the limits 
specified for the experimental wires. The initial batches 
ol experimental coated electrodes were made using 


laboratory equipment When tests of weld metal sam- 


pl s made with a given ¢ lass ol ¢ xperimental electrodes 
inal ited that the strength properties contormed with 
specifications for that class, i larger bateh of trial 
ele ( trode s was m cle Using a commerce il produc t n line 
which was made available for this work by an electrode 
manufacturer. In the production of these larger batches 
of elec troc s, the same coating ng ecients were used as 
in the laboratory batches Sufficient quantities of the 
t 


Various types of coating ngredients \ stocked at 


20S-s 


Battelle so that no changes in material would have to 
be made in the future. It was a definite observation, 
which merely confirms production experience, that the 
same coating formula applied in the laboratory and on 
much larger scale with factory equipment will not pro- 
duce the same electrode. For this reason, all of the « 
perimental electrodes used in the tests described in this 
paper were made on a relatively large scale 1 
trode plant 

In addition to weld metal strength , the operat 
ing characteristics of the initial large batches of ele¢ 
trodes were compared with those of several commercial 
electrodes of the same class. These tests indicat 
the usability of the experimental electrodes \ 
factory. The experimental coating formulas usec 
preparation of all subsequent electrodes and ex 
and drying data are summarized in Table A-6 
Appendix A 

As the investigation progressed, it became « 
that one of the experimental electrode types, | 
26012, did not permit the same latitude in welding 
ditions as the comparison commercial electrodes 
However, within the optimum range of weldi 
and voltage, the experimental £6012 electrod 


parable to the commercial brands 


DESCRIPTION OF WELDING TESTS 


To determine the usability of the experiment 
trodes and the properties of weld metals mace 


electrodes, the follow ing tests were used 


Bead deposits 
a Manual and automatic ( 
position with bare and 
trodes, for operating cl 
Automatic welding in the flat 
bare and covered elect 
rates, deposition efficier 
soundness and penetrat 
tics 
Fillet welds 
a) Manual welding in flat 
and overhead position 
electrodes for operating cl 


Manual (all positions 


flat position only vel 


electrodes for burn-off 
osition efficiencies 
\utomatie welding, \ 
ing downward 
for surtace pitt! 
vee groove welds 
Manual welding in 
covered electrodes 
teristics, weld me 
metal strength tests 


chemi al un ilvses 


To obtain a 


characteristics of given sample, 
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TESTS OF BARE WIRE ELECTRODES 





steels, Dr, Er, Fr and Gr; (2) to compare the welding 
behavior of the rimmed and capped steels from the same 
heats; (3) to compare the behavior of the rimmed and 
capped steels with that of the semikilled ‘and killed 
steels and (4) to obtain any data on operating charac- 
teristics which might be useful in later correlation with 
the results of covered electrode tests of the same sam- 
ples 

The wires were used in the bright bare condition, 
which is in accordance with the practice used by some 
electrode manufacturers as part of their electrode evalu- 
ation procedure As mentioned previously, it was de- 
cided to use the wires in the as-received condition, since 
cleaning to remove the surface films definitely effects 
some ol the operating characteristics of the bare wire 
electrodes 

The operating characteristics were determined by 
making manual and automatic bead deposit tests and 
The burn-off 


rate tests were made using flat position bead deposit 


manual filler welds in various positions 
tests and an automatic welding machine with a record- 


ing device for plotting the rate of burn-off during the 


consumption of each stick of electrode 


USABILITY AND BURN-OFF RATES 


Influence of Steel Type 


The data on the operating characteristics of the bare 
wire electrodes tested are summarized in Table B-1, 
Appendix B 


behavior of the four rimmed steels, the shaker rimmed 


There was no significant difference in the 
steel and the two capped steels All were rated by the 
operator as hav Ing a good usability, so lar as bare wire 
is concerned, The optimum are voltage for all of these 
samples was between 18 and 22 v., the are stability 
vanied from steady to slightly unsteady All wires 
burned off with gobular metal transfer and with a 
moderate amount of fine spatter from the weld pool 
The operating characteristics of the semikilled and 
killed-steel samples Xs and Zk were much inferior to 
those of the rimmed and capped steel samples It was 
necessary to hold a long rare to prevent freezing ol the 
electrode to the workpiece; the optimum are voltage 
was about 24 to 26 4 


to 29 \ 


for the semikilled sumples and 26 
for the killed-steel sumples The are was very 
unsteady and the metal transfer was stringy or ropey 
and more erratic In the killed steel welds, there Vas 
considerable large spatter he operators rated both 
of these samples as having very poor usability 

I igure | shows the burn-off rates for the various steel 
types Che average burn-off rate was substantially the 
same for all rimmed, « ipped and shaker rimmed sam- 
ples, ranging from about 10 to 13 in. per minute for the 
welding conditions used Che exception was wire from 
the rimmed steel Gr, whose burn-off rates were lowe 
than the average, about 8 to LO in. per minute Phe 
burn-off rates of the sem killed and killed-steel s imple = 
were significantly higher than those of the rimmed-steel 


wires 
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AL. WIRES FROM MIDOLE INGOT 

KILLED STEEL PLATE USED FOR ALL WELD TESTS 
ALL WELDS MADE WITH DIRECT CURRENT, 
STRAIGHT POLARITY, '8O AMPERES, AND 

OPTIMUM ARC VOLTAGE (SEE TABLE B!) 
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STEEL TYPE 


Burn-off rates of *) »-in. bare wire electrodes made 
from various types of steel 


Fig. 1 


In general, the burn-off rates for a given core wire 
were reasonably consistent from electrode to els 
However, in two of the steels, Er and Ee, there 
some variation in the burn-off rate from electrode 
electrode, and what may be more significant, the burn 
off rate changed during the consumption of a 14-in 
length of wire. These data are shown in Table 2 
not known whether this behavior was a result of in 
herent properties of the wire itself, or whether varia 
tions in the surface conditions in the samples 


sponsible for the variation in burn-off rat 


TABLE 2 
Variation in Burn-Off Rates of Four Types 
of 14-Inch Bare Wire Electrodes 
Bur 


Ingot Billet 
Steel Type Heat Location Locatior 


Rimmed D 
Rimmed E 


Capped E 
Killed Z 
1 One wire of this type had a burn-off rate of ‘ 


inches of its length, then the burn-off rate changed ¢ 
tor the remainder of the electrode 


3 inches per 


Radiographic examination of the be 
during the operating characteristics 
tests showed that all of the bare wire 
tremely porous No trend or relation 


tween porosity and the tv pe ot wire used 


Influence of Core Wire Location 


No tests were made to determine tl 
fluence of ingot location in the heat on 
characteristics of the bare wire electrodes 
was not desired to devote too much time to tl 
tests However, all tests were made wit} 


least the top ind bottom of the middle ir 
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WELDING CONDITIONS SAME AS FIGURE | 
ALL WIRES FROM MIDOLE BILLET, MIDDLE INGOT 


RIMMED STEEL 
BASE PLATE eet: 
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Fig. 2 Influence of base plate used in welding tests on 
burn-off rates and penetration characteristics of various 
types of bare wire electrodes 


characteristics, of the different billets were studied \s 
shown in Fig 1, the re is nos gnificant diffe rence in the 
burn-off rate of wire from the top and bottom billets of a 
given ingot. This is in line with the observations that 
the billet position had no influence on the other operat 


ing characteristics of the bare electrodes 


Influence of Base Plate 


All of the welding tests described in the two 
sections were made using killed-steel plate 

phase of the investigation on covered electrodes, tes 
were made with rimmed- and semikilled-steel 
plates as well as with killed-steel base plates. At 
time, some companion tests with these plates were als 


made using bare electrodes, to check the early finding 


on bare electrode burn-off rates While there Was no 


ble difference in the ar ilit nd metal transfer 
when arious types ol bare electrodes were used or 
killed-steel and rimmed-steel plates, there was a definite 
influence on burn-off rate. This in the top half 
of Fig. 2. The rimmed- and capped-steel sample test 
Dr, Fr and Ee) showed significantly lower burn-off 
rates on rimmed-steel plate han on killed-steel piate 


The killed-steel wire Zk) had the same burt off rate o1 


rimmed-steel plate as on killed-steel plat 


JuNE 1950 


Figure 2 also shows the ce pth ol penetration of bare 


wire weld beads made on killed-steel and rimmed-steel] 
plate The rimmed- and capped steel core wires gave 
greater penetration on killed-steel plate than on rimmed- 
steel plate No difference in penetration was found 
when a killed-steel core Wire Was used Phe reasons lor 
this influence of base plate are not known. ‘The varia- 
tion in depth of penetration might be explained on the 
basis of the difference in melting points of the surfaces 
of the rimmed- and killed-steel plates. With the same 
heat input, a more shallow penetration of the rimmed- 
steel plate might be expected However, the influence 
of the base plate on the rate at which the electrodes melt 
off is not explainable on the basis of the data now at 
hand 

The influence of the base plate on the burn-off rates 
ot bare electrodes Is belie ved to be a very 8 gnificant 
factor, 1n So tar &s it affects the interpretation ol elec- 
trode evaluation test data As will be shown later, the 
base plate has a similar influence on the weld pitting 
characteristics of covered electrodes Phe important 
point is that if burn-off rate is used in a quantitative 
rather than a comparative way the type of base plate 


used must be indicated 


Influence of Surface Condition 


few bare wire tests were made to show the influence 
of surface condition on operating characteristics and 
burn-off rate Samples of Gi rimmed-steel wire and Zk 
killed-steel wire from the middle billet of the middle 

wot in the heat were tested 1 >» { I ived con 
dition, after polishing with emery 


( 
in 10°; 


pil kling 


sulfurie acid (uninhil ind after 
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Fig. 3 Influence of surface treatment on burn-off rates 
of rimmed-steel and killed-steel bare wire electrodes 


AS 
RECEIVED 


1) -in. Gr., Zk wires, middle billet and ingot, d.-c. i0-amp., 
operating are volt, killed plate 


fo Electrodes 





pickling and heating for 2 hr. at 400° F. The last 
named treatment was used to drive off some of the 
hydrogen which the wire may have absorbed during the 
pickling treatment 

There was a difference in the operating characteristics 
of the samples with different surface treatments, and 
the burn-off rates were markedly affected. This is 
The rimmed steel had the lowest 


When it was 


polished, the average burn-off rate increased appre- 


shown in Fig. 3 
burn-off rate in the as-received condition 
ciably. When an as-received sample was pickled to re 
move the surface film, there was a very marked increase 
in burn-off rate from about 10 or 15 in. per minute 
Pickled and heated samples showed about the same 
burn-off rate as the pickled samples 

The killed-steel bare wire showed no difference in 
burn-off rate for the different surface treatments 

When the rimmed steel wire was polished, not much 
ch inge in other operat ng characteristics Was notice 3 
but when it was pickled the metal transfer became 
coarser and the are less stable Neither polishing nor 
pr kling changed the metal transfer or are stability of 
the killed wires 

Che few data now available on the influence of sun 
face condition suggest that this is one of the very im 
portant factors in the production of welding quality 


wire, certainly for wire intended for bare-wire welding 
TESTS OF COVERED ELECTRODES 


Procedure 


The welding tests of core wires covered with expert 
mental electrode coatings were conducted in much the 
sume Way is the tests of bare lectrodes A much larger 
number of core wire samples was used, more duplicate 
tests were made and the usabilitv evaluations were 
based on a greater Variety of tests In most of the cov 
ered electrode welding tests, killed-steel plate was used 
as the base plate, but sufficient companion tests were 
made on semikilled steel and rimmed-steel plates to 


In addi 


fion to the operating characteristic tests, we ld pitting 


provide the necessary data for comparison 


TABLE 3 
Over-All Usability Rating of Experimental Covered Elec- 


trodes Made with Core Wire from Various Types of Steel 
Summary Usability Rating" 
Type of Electrode Covering 


Steel Type E6010 E60! £6020 


Rimmed Good Poor Good 
Good Fair to good Good 

Good Fair to good Good 

Fair to good Good Good 

Shaker rimmed Fair Fair to good Good 


Capped Good Good Good 
k Good Poor to Good Good 
Semikilled xX Good Fair to good Good 


Poor to good Good 


Killed Zz Good 


* See Talde B-2, Appendix B, for detailed ratings according to steel type 


oro 
atin 


s ole eta Core Wire for Electrodes 


and weld-metal strength tests were made on representa- 


tive covered core wires 


Usability 
The operating character stics of Sl different core 


wires, each coated with three sepal ite types of coating 


are summarized in Tables B-2, B-3 and B-4, Appendix 
B. Each individual rating in the Appendix B tal 
based on the observation and evaluation of num 


welding factors during the making of variou 
weld tests, as discussed under the he ading, * Deser 
ol Welding Tests.” “i 


“poor” summarize information which cou 


The ratings ‘‘good, 


veniently be presented in this paper be 
The data from Tables B-2, B-3 


have been further condensed for the re 


limitations 


venience in Tables 3, 4 and 5, and 
named tables that the following discuss 


Influence of Steel Type 
Table 3 indicates that for the E6010 and £6020 « 
trodes the core wire steel tvpe had no | 
The heat G wires, 
and shaker rimmed, received a somewhat 
than the other E6010 wires, but nothing 


fluence on usability 


the heat history, metallographic inspe 
core-to-rim ratio data or wire chemical 
would explain this difference in rating. On the 
might be stated that for E6010 or E6020 use 
nine types of steel would make electrodes 
factory usability rating 

This takes no account of core 
heat. The test data for E6012 elect r 
of the rimmed steels, Dr, had distinct] 
characteristics, and a study of the detailed 
B-3 and B-4 will show that the low rating 
principally of the poor operating « haractet 
from the top billet The other rimmed 
rimmed and capped steels received a “fair 
“good” rating with the exception of cappe 
which, when used in E6012 electrodes, | 
erratic behavior In this heat, the wire fron 
tom of the first and middle ingots and from 
the next to the last ingot was definitely 
operating characteristics and caused the over-all “poor 
to-good” rating which this wire was given 

Likewise, the semikilled- and killed-steel 
when used in £6012 electrodes, showed a rathe 
behavior and did not receive a 


“good” rating 


Influence of Core Wire Location 


Tables 4 and 5 summarize the usability rat 
basis of the location of the core wire in the 
the ingot 

Table 4 shows that, considering all types of steel 
gether, the usability rating was about the same for the 
first, middle and last ingots in the heat While the 
£6012 electrodes gave a larger number of poor and fair 
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TABLE 4 


Influence of Core Wire Ingot Location on Usability 
of Experimental Covered Electrodes 


iting 
no consistent trend 
Ingot produces 
midale 
5 presents a sim 
for E6010 and E6012 electrodes 
or the E6010 electrodes 
Ss, It appears that electrodes 
e more likely to § L poo 
from the middle o tom! 
n Table B-4 by 


} 
( 


ypes shows 
its produced hich had diff 


from the Lop t ftom of an 


\ similar trene 
steel Zk, and to a lesser de 


The gener 


sented types des 


lifferent operat 


charact 


TABLE 5 


Influence of Core Wire Billet Location on Usability 
of Experimental Covered Electrodes 


erences in are stal tv, tv pe 
characteristics The E6020 
type transfer and good ar 
trodes had a globular transfer 
vhile the E6012 electrodes had t 
poorest are stability 
The characteristics of 
on rolled largely by the « ‘ nuch so that when 
the same wires were cove! coatings, 
the resultant electrodes had . lifferent operating 
haracteristics Conversely, en \ Vhich had 
idely different bare vire Of ul mracteristics 
ere covered with K6010 coat ng hey had the 
same operating character ( ! ist Was also true 
for different wires covered th the E6020 coating 
Only when made into £6012 electri | ered 
res exhibit different operating 
lable 3 gives some ine 
lr general, the poor’ 
overed with the E6012 « 
ferences which caused these 
nearly so pronounced ius 


the rimmed-steel and k 


Influence of Base Plate 


\ brief study Was made of t po \ niente tthe 
base plate on the operating | 
mental covered elects odes n o that made for the 

ire electrodes ~ RE 
rom the relatively fe 


if selected rimmex pped and 


res covered with E6010 and E6012 coat 


nfluenced by the type of | 


or killed steel 


BURN-OFF RATES 


Data on the burn-off rates o lecte mpues of the 
nine types of steel from the top ind bottom of 
selected ingots are given in Tabl », Appendix B 
Che data are summarized for five representative steel 
types in Fig. 4. .The experimental E6010 electrodes all 


had the same burn-off rate reg le ) iether the 


IN./MIN 
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Burn-off rates of ¢« rpertime ntal electrodes made 
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with various core wires and coatings 
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core Wire was a rimmed, capped or killed steel. This 
was also true for the E6020 electrodes. There was some 
variation in the burn-off rates of the E6012 experimen- 
tal electrodes. With this coating, the rimmed steels all 
had approximately the same burn-off rate, the capped 
steel a slightly lower burn-off, and the killed steel a 
slightly higher burn-off rate than the rimmed steels 
Additional tests would have to be made to determine 
the significance of these differences. It should be noted 
that the wide differences in the burn-off rates of the dif- 
ferent types of bare wire were eliminated when the wires 
were covered with either the E6010 or E6020 coating 
The burn-off rate data in Table B-5 show that there 
Was no significant difference in the burn-off rates of 
covered core wires from the top, middle and bottom of 
an ingot. This is true even for electrodes made with 
Steel D, which exhibited inferior operating character- 
istics for the top billet wires Furthermore the 
burn-off rate for a given 
electrode was the same re- 


gardless of the ty pe of steel 


plate welded on 

In general, the burn-off 
rate was dependent on the 
tvpe of coating rather than 
on the type of core wire 
used. The E6012 electrodes 
had the highest 
rates (LO to LL in. per min- 


burn-off 


ute the E6020 electrodes 
‘ intermediate  burn-off 
rate (9 to LO in. per minute 
ind the E6010 the lowest 
burn-olf rate (S to 9 in. per 


miintite 


WELD METAL 
PITTING 
he vertical fillet weld 
tests with the automatic 
velding machine were made 
th representative core 
res coated with the EGOLO 
ind M6012 coatings Tests 
with Eea020 electrodes were 
not miuacle Decne these 
cannot be used in the ver 


tical position 
\ typical vertical down 


fillet weld specimen with a 


large number of surface pits 


is shown in Fig. 5. It is 
significant that regardless 
ot core wire type ho surtace 
pits were produced by the 
k6012 eleetrodes, while in 


the E6010 electrode tests a Fig + Typical pitting 
produced by E6010 elec- 
trodes when used to make 
vertical down fillet welds 


considerable amount of pit 


ting whi h varied with the 
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Fig. 6 Relation between core wire location and the 
amount of surface pitting in fillet welds made with experi- 
mental E6010 electrodes 1 J 
steel type and billet position, was observed Vhis 
trates the important influence of the coating compos 
tion on the surface pitting tendencies 
The results of the surface pitting tests with 6010 
experimental electrodes are tabulated in Tabl 
summarized in Fig. 6, and are discussed belo 
The amount of pitting varied significant! 


Figure 


there was a wide variation in the amount « 


type of steel used as a core wire 
duced by the four rimmed-steel wires mst 
duced the most pitting of all the rimmed-ste 


Steel Fr the least On the average, all of 
and capped steel electrodes produced more 
the semikilled or killed-steel electrodes 


steel electrodes p oduced the le ist pitt uv 


tested 


Influence of Core Wire Location 


The most significant trend is that 
shaker rimmed and capped steels 
billet produced the most pitting and 
tom billet the least. In the semikilled 
there was no difference in the amount 
duced by top middle and bottom billet 

\ few tests made with lightly c¢ 
steel wires also showed that wh 
duced more pits than wire from bott 
wires were coated by dipping them in liq 
sodium silicate and rolling the wet wit 
cellulose powder Thev were dried 
hr. at 250° | 
thick which stabilized the are enc ugh 


This produc ed a coatin 


vertical down fillet welds Chis 
bare wire 
‘| he results ot the few tests mic 


the t jlowing table: 


Wire for Electrodes WeLDING ResEARCH SUPPLEME? 








rhis relation between billet location and pitting will 
be further discussed in the section dealing with the 
fluence of core wire sulphur content 


a 


Influence of Base Plate 


While the operating characterist 


rates ol the covered electrodes we! 


re) 


fluenced by the T It Dwse plate 
down fillet weld t ts showed that 


FILLET WELO 


plate had a distinct influence on the inciden 


pitting in welds made with E6010 experimenta 





trodes 
Figur 7 shows just one example 
base plate on the pitting tendencies f 
} ’ 0 i 
aunt of Steet De eae Se er ae KILLED SEMIKILLED RIMMED RIMMED, 
5 ; sc iain a SURFACE 
lectraden ts » top and middle billet REMOVED 
for welds made on_ killed-s he botto 
billet electrodes produced much less pitting TYPE OF STEEL PLATE USED 


pl 








AVERAGE NUMBER OF PITS PER INCH OF 


trode The core 











produced by « 


ashe shh ; ! } — ! Fig. 7 Influence of type of plate used in fillet weld tests 
semikille late was used, t weld metal pi ‘ 

; lled Pua iS used he a mea on incidence of surface pitting in fillet welds made with 
markedly reduced, and a further reduction experimental E6010 electrode 
was obtained when rimmed-steel bass plate Vas used 


Inspection of cross sections of the vertical down fillet understood. It might 
welds showed that the penetration into the plate on the 


two legs of the fillet seldom exceeded 0.03 in 


ace pitting Was observed 


This was luding be id deposits flat ar orizonta nd overhead 


about the same as the depth of the rim on the rimmed fillet welds, vertical up fillet welds and groove deposits 


steel plate \ possible explanation then of the relative made with the E6010, E6012 and £6020 


r trodes 


low incidence of pitting in the rimmed-steel plate Onlv in the vertical down fillet weld tests mad ith the 


I 
latin \ E6010 electrode were these irl 
pure metal. To check this, pitting tests were made 


that the welds on this material were made in re 


t¢ possible that if a somewhat 
samples of the rimmed steel plate whose surface heen used for the E6010 experimental 


planed off to a depth of about 0.050 in. to remove the possibly for the E6020 and E6012 


rim Fillet welds made into the exposed machined might have been found i 


! elds 
surface showed an amount of pitting approximatel down fillets 
equal to that observed for the killed- or semikilled-ste¢ 


plate INFLUENCE OF CORE WIRE SULPHUR 


CONTENT 


The above observations sug th importance 
evaluation tests of wel 
kind of plate that is bein for wel t Wd of In view of the marked re 
keeping the plate variable « ant s i sib] vitting and the location of the 
Another point is that when weld metal is deposi I surface pitting data were 
grooved plates ind surtace ! iv yhserve t nformation for the top 
likely that rimmed-steel pl: night give as strong ich ingot on chemical ¢ 
pitting indication a kK . | pl eCAU ! rim ratio and the like 
these groove welds the heart of t plat heing welded found between surface 


1! ‘ 1 ‘ « ' ] 
ll as the rimmed si ’ here was a strong rela 


“as Weé 
rhe core wire used in tests of Fis produced tl ire sulphur conten 

widest variation in pitting from one t bas t Fig. 8, in which the 

the other kor the thers ai ( 1 | ad 1! “ =f the average core vire 


there was somewhat } d th Killed billet location, ingo 
trode (Steel Zk ' Imost no significant ever, the four gener 


emikilled and Kill 


Influence of 


It was ment 
duced in the 


mental E6012 elect: 
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TABLE 6 


Composition of Special Heats of Rimmed and Killed Steel 
Containing Various Amounts of Sulphur 


osition, Per Cent 


Steel Type Heat 


Rimmed AX-1 0.12 5 0016 001 
AX-2 0.15 0.43 0.018 0.064 


Silicen killed* BML! 0.13 0.46 0.026 0.0 
BMI-2 0.12 0.47 0.027 0.026 
BMI-3 0.12 0.50 0.027 0.040 
BMI-4 0.13 049 0028 0.057 


Aluminum killed BMI-5 0.11 0.43 0.023 0.064 
= 0.11 0.43 0.011 0.02 


' Heat AX made in Mill 3 pilot plant. Two ingots poured fr 
added to AX-2 in ingot. Wire supplied from 7 billets from e 
sed in investigation taken from middle billet 
All BMI heats made at Battelle, 100-ib 
Al-killed heat bs. Al ‘ton 


Core wire from commercial heat Z, Mill 5 bs. Al /ton. 


ngots processed int 


bottom of the ingot, but there is no sound basis for 
attributing the pitting tendency to this variation in 
carbon content Oxy yen analyses were also made on 
selected samples of the top and bottom billet wires from 
selected rimmed and capped steel samples. It was 
found that there was no significant change in total oxy- 
gen content from the top to the bottom of the four in- 
gots studied, and for the time being at least the dif- 
ference in pitting cannot be attributed to oxygen. This 
conclusion is to a certain extent confirmed by the tests 
on special core wires deseribed in a following section 

\n analysis was also made of the possible influence of 
the distribution on sulphur from the rim to the core ot 
the various samples on the incidence of surface pitting 
It was found that the ratio of core sulphur to rim sul 
phur varied linearly with the nominal sulphur content 
and, as would be expected, no significant information 
What is needed to de- 


termine the possible influence of the rim-to-core sulphu 


was obtained from this analysis 


ratio is tests on two lots of core wire; one with an aver- 
age sulphur content on the high side and a high core-to- 
rim sulphur ratio (around 3.0), as in some or the present 
samples; and another lot with an average sulphur con- 
tent on the low side, but also with a high core-to-rim 
sulphur ratio All of the core wires now on hand whic! 
have a low average sulphur content (practically all of 
them from the lower billets in the ingot have a low core 
to-rim sulphur ratio 

The influence of sulphur gradient w 
studied in another way bv making Sper 
rimmed, silicon-killed, and aluminum-killed steel with 


varving sulphur contents, as hereinafter described 


TESTS OF CORE WIRES WITH VARYING 


SULPHUR CONTENT 


lo obtain further information on the influence 
wire sulphur content on weld metal surface pitt 
series of special heats Vas m ule with the COMpPositlo 


shown in Table 6. The two rimmed heats were m 


Jiti-s 


a steel mill pilot plant and had substantially the same 
composition except for sulphur, which was 0.015% in 
Heat AX1 and 0.064% in Heat AX2 
heats were made in the Battelle laboratory, all with the 


Four silicon killed 


same chemical composition except for sulphur, which 
varied from 0.013 to 0.057 
num-killed heat was made at Battelle with a sulphu 
content of 0.064‘ 


In addition, an alumi 


for comparison with Heat Z, pre- 
viously received, which had the same chemical com 
position but a sulphur content of 0.021°; 

All of these heats were processed into *  j¢-In-d 


The wires were then made 


wire at a steel mill 
Types K60L0 and E6012 electrodes with the same 


t } 


perimental coatings as in previous tests, but using 
laboratory mixing and extruding equipment rather than 
the commercial production line 


thie mperat 


Up toa sulphur content of about 0.040°, 
ing characteristics of the electrodes made with the 
special core wires were similar to those previously ob 
Witha sulphur 


content of 0.040©,, or more, there was violent boiling in 


served for the main group of core wires 


the weld pool, for the rimmed and the killed steels alike 
This boiling was observed for both E6010 and E6012 
electrodes, but only in the £6010 welds was there sur 
face pitting. The high sulphur electrodes were par- 
ticularly hard to handle in the vertical and overhead 
positions. The burn-off rates were all similar, ranging 
from 8.6 to 9.0 ir per minute fo! the E6010 electrodes 
and 10.4 to 11.1 in. per minute for the £6012 electrodes 
with the welding conditions used 

The surface pitting tendency of the E6010 electrodes 


varied strikingly with the sulphur content Chis is 
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Fig. 8 Influence of core wire sulphur content on surface 
pitting in fillet welds made with experimental E6010 
electrodes 
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shown in Fig. 9 


increased not only with the sulphur 


Che important point is that the pitting 
is in the tests of 
Fig. 8, but that the uniformly distributed sulphur in the 
aluminum-killed and silicon-killed steels had the same 
effect as a comparable amount of su ph ir in the rimmed 
Wires, in which there was an increase in sulphur fron 


the rim (0.0207) to the core (0.087' 


Che data of Fig. 9 indicate that the variation in sut 
face pitting is a function of the average sulphur content 
rather than of the sulphur gradient. Another indicatior 
is that the distribution of the oxvgen content or the 

of the oxygen in the samples has no significant 
influence on the surface pitting, since both the killed 
steels and the rimmed steels produced ibout the same 
given average sulphur content 


ol pitting tor 


WELD METAL STRENGTH TESTS 


One of the pring ipal objectives of this investigatior 
vas to evaluate the influence of electrodes made wit! 
various types of core wire and of the base plate on the 
weld metals. Experiments wer 


therefore conducted with selected E6010, E6012 and 


quality and strength of 


£6020 electrodes made with core wires representing the 


the top middle and bottom billets of two rimmed steels 
one ¢ ipped steel and one killed steel Killed-steel and 
rimmed-steel base plates were used 

All weld metal specimens for static tension tests 
machined from butt welded plates of the kille« 
rimmed _ steels The joint design was a_ single 
15° groove with In. root opening, and 


the same steel tvpe as the n 


KILLED STEEL PLATE USED 
IN THESE TESTS 
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Fig. 9 Influence of core wire sulphur content on fillet 
weld surface pitting produced by experimental E6010 


electrodes made with special core wire 
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EDGES OF FAYING SURFACES RELIEVED 
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Detail of weld joint for tension tests of welds in 
rimmed-steel plate 


The main plates wet killed steel. 


For the rimmed steels, two plates were placed 
together and beveled and welded, prior to the deposition 
of the main bodv of weld, as shown in Fig. 10 

All tests were on as-welded specimens (no stress relief 
treatment al room 


or similar heat temperature. 


\lost of the tension tests were m ide about 2 weeks after 
velding However, some of the specimens were cut 
from plates which had been »elded about 2 yr. pre- 
viously (for operating characteristics and weld metal 


ind were being held for possible use in 


soundness tests 
strength tests No significant change in ductility or 
vield strength was evident because of the difference in 
ge betore testing 

rhe strength data are given in Tables C-1 through 
C-6, Appendix C, and the chemical compositions of 
selected samples machined from broken tension speci- 
mens are shown in Table C-7 

The data show that there was no difference in the 
re ngth prope rtres of weld metals made With ele trodes 
om different portions of an ingot, nor any difference 
im the strength properties ol velds made with elec- 


trodes from the four different types of steels tested 


Furthermore, the strength of welds made on killed- 


teel plates was the same as th companion welds on 


rimmed steel plates lor any 


Effect of Coating Change 


Che only significant change in strengt! nd ductility 
ime with a change in the type of « rode coating 
This is illustrated in the grap! ig. | The welds 
wide with the E6012 electro highest vield 
ind tensile strengths th the lowest elongation and 
reduction in area The welds made with EG6GOLO and 
6020 electrodes had comparabl vield and tensile 
trengths and elongation, but t duction in area of 


the £6020 welds was some 


The compositions of E6010 


| tals deposited by 


s experimental elect “ie i r eh i lable 
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TYPE OF ELECTRODE 
Fig. 11 Comparison of strength properties of weld metals 


deposited in killed-steel and rimmed-steel base plate with 
various experimental electrodes 


C-7, Appendix C. This table shows that all of the core 
wires produced weld metal of about the same chemical 
£6012 and E6020 weld-metal analyses 


were not made because the strength test results did not 


composition 


indicate that there was any difference between the 
deposits of various electrodes of a given type 

All of the butt-welded plates prepared for strength 
tests were radiographed before machining. There was 
very little weld-metal porosity in any of the welds, 
perhaps a little more in the E6012 welds than in the 
others. Even in the £6012 welds there was not enough 
porosity to establish any relation between core-wire 


type or base-plate type and porosity 


DISCUSSION OF RESULTS 


In the over-all analyses of the tests described above 
it is necessary to consider the bare wire data and the 
covered electrode data separately, because of the dif- 
ference in the indications for the two types of electrodes 
One of the objectives of the work was to find out if 
differences In the welding behavior of bare electrodes 
could be detected when the wires were coated with 
various Classes of electrode coating; this would facilitate 
the evaluation of wire intended for use in covered elec 
trodes However, for the core wires submitted for 
testing, there was no welding factor which varied in the 
Same Way In both the bare and the covered electrodes 
and it is therefore necessary to consider the bare wire 
and covered electrodes as separate problems 

The above remarks are based, to be sure, on a pro- 
gram which entailed necessarily limited numbers of 
tests, in comparison with what is done in electrode 


production, where the size of a wire sample is measured 


Q78-s 
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in thousands of pounds and where a greater number otf 
heats of the same type of steel are processed, with per- 
haps an occasional! “‘off-heat’’ which stands out from the 
others in some electrode behavior respect. On the othe 
hand, it will be remembered that the cropping of the 
test ingots was with one exception much smaller than 
that used in the production of wire for electrode manu 


facturers. In the latter case, the yield from rimmed 


steel heats is frequently as low as 55°; 
that the test wires (vield 68 to 80° 


rhis means 
represented a 
much broader cross section of the six heats studied 
and the test samples could well include variables which 
would not ordinarily be found in wire supplied for actual 


production use. 


Bare Electrode Tests 


The welding tests of bare electrodes indicated 


] 


wire from all portions of the four rimmed-steel 


} 
he 


the shaker rimmed heat and the two capped-steel heat 
had comparable usability characteristics, burn-of! 
rates and weld-metal soundness. Only the semikilled 
and killed-stee] wire had definitely inferior operating 
characteristics 

When the surface condition of the bare wires was 
altered from the as-received condition, marked changes 
in the burn-off rates were observed. The effect of the 
surface treatment on operating characteristics was als: 
studied by making the usual welding operator evalua- 
tion tests, but bare electrodes at best operate so poorly 
in comparison with covered electrodes that it is quite 
difficult to obtain a satisfactory rating except on the 
basis of burn-off rate, metal transfer and spatter loss 
In the present tests of rimmed steel wires with different 
surfaces, the metal transfer became coarser when the 
wire was pickled and consequently might be rated as 
having poorer usability. 

The burn-off rates of representative bare electrodes 
were markedly affected by the type of base plate u 
The fundamental reasons for this are not. understood 
but the observation is important at least as it is relates 
to the techniques used in the evaluation of the useful- 
ness of different heats of bare wire 

In general, none of the indications from the bare 
tests was useful in the subsequent analysis of the 


formance of covered electrodes It has been st 


that perhaps the reason for this is that all of the 
able samples were representative of good heats 
that if an “off heat’ or an “off ingot’’ had beet 
cluded, some of the bare-wire Indications would |! 
been stronger or different, or would have persisted 
the coated electrode tests. This, however, is a n 
ol conjecture It is hoped that sample 8 or que 
or rejected wire will become ivallable lor check test 
It is well to state here that such wire is hard to obt 

in the past three years, only two small samples of 
have been received which were definitely rated 
either the manufacturer or consumer as below standard 
Unfortunately, the background information o1 
heat history of these samples and on the welding t 
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niques used to evaluate them as substandard was of 
such an unspecific nature that significant comparison 
tests between these small samples and the large samples 


in the main body ot tests could not he made 


Covered Electrode Tests 


The first point that comes up in the an ilvsis of the 
ct vered-electrode fests 1s that the electrode « oating has 
a much greater influence on electrode characteristics 
than the core wire This of course does not apply to 
core wires with extreme chemical compositions, high 
sulphur for example. The stronger influence of the 
coating may be illustrated by the following three exam- 
ples First: when a rimmed steel and a killed-steel 
core wire are coated with certain types of coatings such 
as the E6010, the widely divergent characteristics of 
the bare wires are t ought i gether and the two ele 
trodes have virtually the same operating characteristics 
burn-off rates and weld-metal properties. This is 


Sec ond 


also true when the £6020 coating is used 
a core wire with sulphur on the high side (say 0.040°, 


ind covered with an E6010 coating vill produce a 
considerable amount of surface pitting under certain 
welding conditions but this pitting can be totally 
eliminated for the same core wire by using another 
tvpe of coating such as £6012, or perhaps even by modi 
fving the original E6010 composition Third core 


wires of different steel types but with the same chemi 


mposition will produce weld metal of the same prop 


ig type; but il covered vith d [- 


ties for a given coating 


coatings, the weld-metal properties are different 


‘he conclusion mav be drawn that some of the defi 
which have been attributed to core wire chat 
ly due to coating characteristies and 

should be corrected in the coating 
llowever when | 6012 coatings vere ised the operat 
Ing characteristics tests showed some indi tions ol 
lifferences between steels The semikilled- and killed 
eel core Wires were not so good, and one of the rimmed 
steels, Dr, was given a some what lower rt iting than the 
other rimmed steels. In addition, the E6012 operating 


haracteristics test indicated that wire trom top 
| were prone to g1 less satisfactory results than 


It should be 


remembered that had these ingots been cropped in the 


res from the mid bottom billets 

Su il manner, the top billet wire would have been dis 
carded and possibly the observed differences would not 
Nevertheless the usability 


tests showed that tor certain types of coating the ele 


have been so apparent 


rode behavior is sometimes affected by the core-wire 
properties 

One of the objectives of he investigation vas to deter 

ine if capped steels and rimmed steels of the same 

nposition had the same opel iracteristics 
Che available test data indicate that thi so, and that 
capped steel can be used in the production of mild-stec 
overed electrodes In this connection 1 comment ts 
needed on the significance of the ratio of c¢ore-to-rim 
irea which is sometimes used in grading of rod 
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and wire for electrode production. Nothing in the 
present investigation has shown that this numerical 
ratio is of importance in the evaluation of electrode 
wire 

The strongest indications of differences in the core 
wires were obtained from the fillet weld pitting tests 
As mentioned previously, it is difficult to establish a 
good relationship between the pitting test indications 
and the usability ratings. For example, the E6010 
electrodes gave uniformly good usability ratings but 
produced wide differences in surtace pitting On the 
other hand, the E6012 electrodes, which showed signifi- 
cant trends in usability, produced no surface pitting. 
From this standpoint, the pitting test data might be 
considered useful only when analyzed in combination 


Nevertheless, 


the pitting tests provided very useful clues to the differ- 


with the results of other types of tests 


ences between wires from the top and bottom of an 
ingot, and led to the more detailed studies of the in- 
fluence of core wire sulphur on electrode characteristics 

Che data indicate that the surface pitting tendency 
increases rapidly with increase in the av sulphur 
ontent of the core wire This types of 


\ sul- 
spec ified 


rimmed, capped, semikilled and killed 
content within the limits normally 
0.035°% maximum sulphur) h: 10 noticeable effect 
on the usability characterist proper 
ties, but there was a distinct in in the amount of 
ce pitting (for one type 16010) 
onsequently, if surface pitting g used in pro- 
tion as a measure of the suitabill f wire for elec- 
trodes, a better rating should be obtained if the sulphur 
content is on the low side [his means either the use of 
sufficient cropping to remove the material from the top 
ot the ingot which tends to be high in sulphur rtouse 
1 steelmaking practice in which the segregation of sul- 
phur toward the top of the ingot is minimized. The 
present tests indicate that the segregation of sulphur 
toward the center of the ingot is not important so long 


is the average sulphur content is controlled 

When the sulphur content of the core wire is more 
than about 0.040°7, the operating characteristics of the 
electrode begin to deteriorate noted chiefly 
n an increased boiling of the weld pool. For sulphur 
contents less than 0.04067, however, t! present tests 
showed no visible difference in t ility character- 


ible addi- 


tional study of the relation between surface pitting and 


istics Cherefore, it is 


other operating characteristics is iry before the 
pitting test in one form or anot! used for 
gy of core wires 
Che weld-metal strength test the type of 
ore wire, within the limits of t comp ions studied, 
had no influence on the strengt sound- 
ness of the weld metals 

No study has been m ide of th possibile i fluence on 
ore wire characteristics of variations in carbon, man- 
ganese and phosphorus contents, and excessive amounts 
of residual elements such as silic¢ luminum, chro- 
mium, copper, nickel and mols fhe principal 
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reason is that all of the samples thus far available 
have had reasonably similar compositions, and it has 
not been possible to discern the possible influences of 
these elements among the much stronger influences of 
the electrode coating, the sulphur in the core wire, and 
the base plate. 

It is possible that, if the sulphur variable is found to be 
the important one in the manufacture of low-carbon 
steel core wire, the need for studies of the other ele- 
ments diminishes. However, if the residuals in the 
low-carbon grade wires continue to increase, perhaps 
some attention should be given to an investigation of 
their effect on welding characteristics. This is probably 
more important in the manufacture of steel wire for 
covered electrodes of the time-tatania, controlled hydro- 
gen type. For example, it is understood that in some 
of the higher strength electrodes of this type, residual 
elements such as tin and copper in the core wire are apt 
to make the weld metal susceptible to cracking during 
welding. 

Another factor which definitely deserves additional 
study is the influence of the surface condition of core 
wires on the operating characteristics of bare and cov- 
ered electrodes. In the research work so far conducted, 
this factor has been studied only slightly, but already 
some indications of its importance, particularly in bare 
wire welding, have been noted. 


SUMMARY 


The findings may be summarized with due considera- 
tion for the limitations #+the varieties of core-wire sam- 
ples available, the number and types of tests conducted, 
and the limited number of coatings studied, as follows: 

1. When covered with the E6010 or E6020 experi- 
mental coatings, all of the core wires, including the nine 


steel types and wires from different locations in the heat 


and ingot, made satisfactory welding electrodes 

2. When the E6012 coating was used, some of the 
core wire samples exhibited deficiencies in certain weld- 
ing characteristics. The steel from Heat D, which on 
the whole had a higher sulphur content than the other 
steels, produced less satisfactory electrodes than the 
other steels. For this and some of the other heats, 
wire from the tops of the ingots produced less satis- 
factory E6012 electrodes than wire from the middle or 
bottom of the ingots 
3. The semikilled- and killed-steel core wires did not 
make good electrodes when coated with the E6012 coat- 
ing 

1. The pairs of rimmed and capped steel core wires 
from the same heats produced wire of comparable weld- 
ing characteristics 
5. The core-to-rim area ratio, which is sometimes 
used in an appraisal of the quality of welding wire, 
could not be related to any of the welding character- 
istics of the experimental electrodes 

6. The most important single core wire variable 
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which affected the operating characteristics of covered 
electrodes was the average sulphur content. Sulphur 
contents of more than 0.0407 caused the electrodes to 
have deficient operating characteristics and severe weld 
pitting tendencies. Sulphur contents of between 0.030 
and 0.040°;% produced electrodes which had severe weld 
pitting tendencies, but acceptable operating character- 
istics. The best results were obtained with core wires 
which had an average sulphur content of about 0.030°; 
or below. 

7. The mechanical properties of weld metals de- 
posited with the experimental electrodes were deter- 
mined by the type of coating used. The type of steel 
in the core wire or in the base plate and the location of 
the core wire in the heat had no discernible influence on 
weld-metal strength or ductility 

Ss. None ot the covered electrodes produced vel Is 
with excessive internal porosity, regardless of the core 
wire steel type, location of the core wire sample or the 
coating used. In general, it might be said that there 
was practically no porosity in any of the groove o1 
fillet welds, with the exception of the vertical down 
fillet welds which were made under rather abnormal 
welding conditions 

9. The surface condition of the core wire has an 
important influence on the characteristics of bare-wire 
electrodes; its influence on the characteristics of covered 
electrodes has not been studied and is not known 

10. In general, the operating characteristics of the 
test electrodes were affected in greater degree by the 
type of coating used than by the characteristics of the 
core wire. The exception is core wire with an abnor- 
mally high sulphur content in which case the core wire 
exerted a somewhat stronger influence on welding 
characteristics 

11. On the basis of the limited number of bare- 
wire tests conducted, it is felt that bare wire electrode 
tests do not give an adequate indication of the useful- 
ness of a core wire for covered electrode use. It is 
possible, however, that a study of the pitting character- 
istics of fillet welds made with lightly coated electrodes 
would provide useful advance information on the 
influence of core wire sulphur on welding character- 


istics. 


ACKNOW LEDG MENT 


The authors express their appreciation to the Ameri- 
can Tron and Steel Institute Technical Committee on 
Welding Rods, consisting of J. R. Thompson, Cha 
man, R. H. Aborn, C. G. Atchinson, C. C. Crane 
W. B. Farnsworth, A. M. Reeder, J. P 
L. H. Winkler, for valuable assistance, guidance and 
encouragement in the conduct of this most interesting 


lierney 


investigation; and acknowledge the advice and assis 
ance of Dr. 8S. L. Hoyt, C. E. Sims, H. M. Banta 
and other members of the Battelle staff 


Wire for Electrodes WELDING RESEARCH SuPPI 





APPENDIX A TABLE A-2 (Continued) 


Composiic Core Area. 


TABLE A-1 Stee Ingot _ Billet - Per Cont of 


Type Location Location Tosal Area 


Wire Samples Received for Tests 


shaker rimmed 


TABLE 


Chemical Composition and Core Area Ratios of Wire from 
the Top, Middle, and Bottom Billets of the Test Ingots 


TABLE A-4 


g and Wire Drawing Data tor W 


{ 1 in Investigatior 


TABLE A-5 


Steel Plates Used in Investigacn 


ated from measureme 


1050 





TABLE A6 TABLE A-7 
Compositions of Experimental Electrode Coatings Extrusion and Drying of Experimental Electrodes 


Amount in Electrode Type 


Coating Mixture, 
Per Cent by Weight E6010 E6012 


E6010 £6012 56020 
Ingredient Grade or Supplier Type Type Type Msxing tame, mins 
Dry 10 10 
Cellulose Brown & Co. Alpha Floc “B”, -40 mesh 21.0 4.0 Wer 71 26 63 
Asbestos Johns Manville 7RO5S 10.5 i Extrusion pressure, pu 6200-6800 7800-8400 4600-5000 


Die size 0.242 0.227 0.2€ 


Titanium dioxide Titanium Mfg. Co., Titanox A 10.5 


“$3 Maximum eccentricity, in 0.001 0.002 0.003 


High-carbon ferro- _ Electro Metallurgical Co., -100 mesh 
manganese Drying 

Calcium carbonate Foote Mineral, 48 x 158 Calgran 3 Temperature, F 

First pass 

Second pass 

Rutile American Rutile Co., -200 mesh Third pass 
2 Fourth pass 

Tak Kraft Chemical Co., Soapstone Talc, Fifth pass 

200 mesh 


Feldspar Consolidated Feldspar, Derry 


. Time, mins 

Dextrin Kraft Chemical Co., Canary Dextrin F 
irst pass 

Silica Whitehead Bros. Co., No. 200 Silica - Second pass 
. Third pass 

Magnetite Foote Mineral, -80 mesh Fourth pass 


Manganese dioxide Technical Fifth pass 


Sodium silicate Grasselli Chemical Co., JM Brand (liquid ) Finished diameter, im 


' Drying was done ir ¢-pass continuous flow oven 
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TABLE B-1 


Operating Characteristics of Bare Wire Electrodes 


Billet Optimum 
Location Arc Arc Metal 
Heat Steel Type in Ingot! Voltage" Characteristics Transfer Spatter 


D Rimmed Top (t) 18-20 Slightly unsteady Globular Moderately fine 
Middle (m) 18-20 Steady Globular Moderately fine 
Bottom (b) 19-21 Steady Globular Moderately fine 


Rimmed t 18-20 Slightly unsteady Globular Moderately fine 
b 20-22 Slightly unsteady Globular Moderately fine 


Rimmed 19-22 Steady Globular Moderately fine 
19-21 Steady Globular Moderately fine 
18-21 Slightly unsteady Globular Moderately fine 


Rimmed 19-21 Steady Globular Moderately fine 
19-21 Steady Globular Moderately fine 


Shaker 19-21 Steady Globular Moderately fine 
rimmed 19-21 Steady Globular Moderately fine 


Capped 19-22 Steady Globular Moderately fine 
19-21 Slightly unsteady Globular Moderately fine 


Capped 19-22 Slightly unsteady Globular Moderately fine 
19-2 Slightly unsteady Globular Moderately fine 
Steady Globular Moderately fine 


Semikilled 24- Unsteady Mixed globular Moderately fine 
and stringy 

24-2 Unsteady Mixed globular Moderately fine 
and stringy 


26-29 Very unsteady Stringy Large Very poor 
) 8) i YF 

26-2 Very unsteady Stringy Large Very Poor 

26-29 Very unsteady Stringy Large Very Poor 


' All wire from the middle ingot in the heat 
2 All bead welds made manually, direct current straight polarity, 180 amperes, arc voltages as indicated 
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TABLE B-2 


Usability Rating of Covered Experimental Electrodes 
Made with Core Wires from Various Steels 


Usability Rating 
Ingot t Ingot 2 Ingot 3 Rating Count 
Steel Type tm b tm b m b Poor Fair Good Rating 


E6010 ELECTRODES 


0 


Rimmed 
Rimmed 
Rimmed 
Rimmed 
Shaker rimmed 
Capped 
Capped 
Semikilled 

ille 


coats 


Nem 


£6012 ELECTRODES 


Peertogot 


20 ELECTRODES 


Good 


-) 


Shaker rimmed 
Capped 


SeAAcsmr 


Good 


Nx™ 


G -Good F-F 
The usability ratings are based 00 a weighted combination of ratings of individual factors 
such as arc stability, metal transfer characteristics, pool actio ease of deposition 
et Three commercial electrodes of the E6010, E6012 )20 type were used as 
standards of comparison, the usability rating for these electrodes was “Good 


TABLE B-5 


Burn-Off Rates of Experimental Covered Electrodes Made 
with 3 /16-Inch Core Wires from Various Heats 


B 


APPENDIX ¢ 


TABLE ¢ 


Tensile Strength of All Weld Metal Specimens Made with 
Experimental E6010 Electrodes in Killed Steel Base Plate 
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TABLE C-2 


Tensile Strength of All Weld Metal Specimens Made with 
Experimental E6012 Electrodes in Killed Steel Base Plate 


TABLE C-5 
Tensile Strength of All Weld Metal Specimens Made with 
Experimental E6012 Electrodes in Rimmed Steel Base Plate 
Core Wire l 
Yield Tensile 


Biller Strength Strength 
: : Type Ingot ocatior ps 
Location psi ps steer te 


timate Core Wire Yield 
el 
Sue Heat and Heat ar ngth 


Type Ingot 


Steel 


Rimmed D1 65,800 
65,300 
64,300 
Rimmed ? 66,300 ( nmec t 5,000 


Rimmed Di 66,000 


64,900 


65.500 T 7 400 
300 
000 
000 
> ‘© »00 
1.800 ) 

| 4 t 800 

1,800 J 
66,500 
65,000 


Capped 00 
4,300 


Killed 


Average 


65.600 
' Drop-of beam yield strengt! 


TABLE C-3 


Tensile Strength of All Weld Metal Specimens Made with 
Experimental E6@20-Electrodes in Killed Steel Base Plate 


TABLE C6 
Tensile Strength of All Weld Metal Specimens Made with 
Experimental E6020 Electrodes in Rimmed Steel Base Plate 
Core Wire 
Core Wire Ultumate Y 
Yield Tensile Heat ar Billet 


Strength Strength Ingor 
1 


Location ps psi 


eld 
Strength 


Heatand Biller Location ps 


= = 59,800 
58,500 
56,800 
58,800 


Rimmed 4.500 


2,800 


Rimmed »3,800 


400 
54,000 
57,000 
54,800 

4,800 as 
57,000 
Killed 6.500 Killed t $8,000 
66 . m 58.300 
I 56,700 


4,500 


Capped 
Capped 3,500 apper 


Average Average 57.400 


Suen npr RT Drop-of-beam yie 
TABLE C-7 
Composition of Weld Metals Deposited by Various 
Experimental E6010 Electrodes 


TABLE C-4 
Tensile Strength of All Weld Metal Specimens Made with 
Experimental E6010 Electrodes in Rimmed Steel Base Plate 


Stee! 
Core Wire Ultimate at 
Yield Tensile on Reduction ype 


Steel 


Type 


Rimmed 


Rimmed 


Average 


Heat and 


Ingot 


D1 


t nmed stee 
Drop-of beam y 


Strength 
ps 
56,000 
54,000 
51,500 
51,500 
» 400 
51,000 
$5,200 
56,800 
4,800 
5,500 
6,000 
6,000 


4.200 


Strength 
ps 
68,300 
65,400 
64,100 
64.500 
64,500 
64,400 
66,600 
69,400 
66,900 
67,500 
69.200 


69,100 


D Rimmed 


Rimmed 
Rimmed 
Rimmed 
Shaker 
rimmed 
Capped 
Capped 
Semikilled 
Killed 
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Stresses in “llead-to-Shell” Juncture ol 
Pressure Vessels 


® 4 resume of literature theories in the design of pressure vessel 
head, application of these theories, tests of stress distribution 
under pressure and correlation of test results with theory 


by R. G. Sturm, H. L. O’Brien, 
E. Wetterstrom and J. Evans 


EGUN in July 1947, the Purdue Project of 
Design Division of the Pressure Vessel Resear 
Committee! was directed toward the end result of 
presenting data for new rules for pressure vessel 

design. The Design Division recommended as a first 
step the investigation of static stresses in the head-t: 
shell juncture ot a vessel subjec ted to internal pressure 
The first effort in approa hing this proble m consisted 


of a survev of literature. On the basis of this survey 


it Was concluded that the Love-Meissner \pproxima 
tion was a valid theoretical analysis, accurate enough 
for comparison purposes pending the completion of 
more thorough analysis With the problem and an 
alytical solution decided upon, the next task was to ol 
tain actual experimental results and to draw conclu- 
sions by correlation of the theorv and results 

The scope of the immediate investigation was limited 
to the particular problem of a conical head joined to a 


! 


evlindrical shell he vessels were limited to models 8 


in. in diameter with 90° cone heads. The general pro 
cedure employed in attacking this problem may_ be 
summarized as follows 1) conduction of the afore 
mentioned survey of literature for existing theories 2 
application of these theories to the particular Vest 
under consideration 3 hvdrostati¢ irried out 


ipbutions } 


these vessels to dete rmine the stress «dist 
inalvsis of test results and the corre! of these re 
sults with theory, and (5) summat f the salient 
sult 


ults of such a correlation and analysis 


RESUME OF LITERATURE 


A general résumé of the literature 
vessels has been made and ts on file 
R. G. Sturm, H. L. O’Brien, E. Wetterstrom 

oP a ikenninn Mans " 
Par nted before é nt Me 
Me ngines 
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Pressure Vessel Rese irch omi tt he theorets ul 
iunalyses selected from technical 
papers and considered lor in vation have been 
those involving solutions listribution 
problem in the head-to-shell juncti t a cone em- 
body ng a 90° included gl ind i vlindrical shell 
These analyses, in turn, mav b ivided into two 
groups, those with cone and shell thicknesses equal and 
those for which the cone thickness is g t the 
secant of one-half the apex angle 
proximate methods*® reviewed identical 
to the Love-Meissner approximation proposed by W. R 
Surrows of the P.V.R.C. Design 

The Love-Meissner solution a ed to the test 
pressure vessels with cylindrical shells and conical 
heads consisted of a summation of fore ind moments 
acting upon an element of cylinder to obtain the solu- 
tion for the cylindrical section Lhe solution for the 
conical section, in turn, Was found by using the theoreti- 
al solution for an eq evlindet Then, as- 
suming the radius of curvature perpendicular to the 
element of the cone to be the distance to the axis of the 
cone, a reasonable engineering approximation in the 
neighborhood of the juncture id head was 


obtained 


APPLICATION OF APPROXIMATE THEORY 


No spe ial analysis has nt for the 
presence or absence of a knuck rion the juncture 


Phe solution 


been found to indicate the 


of head to shell section has 


cases In 
knuckle 


radius his approximation serves + a com- 


vhich the head consiste« 


parison for test data 
The results obtained b theoreti 
il analysis to 8-in. diamet ind 5 are 


shown as the solid lines in | ves have 


Heel plotted together in order ms show- 
ng the effects of the geometry junctions may 


] 


readily made Another compariso 


vel De sign 








2 


5 


| INCHES FROM JUNCTION 


CYLINOE 
ee 


wae aes 
INCHES FROM JUNCTION 


VER AP 


CYLINDER 





6 ReMicaall 


INCHES FROM JUNCTION 


Fig. 1 


Measured and computed inner circumferential 


stresses—models 1, 2, 3 and 5 


Stress based on an internal pressure, P, of 1 psi 


ratios, may be had by examination of the curves for 
models 1 and 2, the two experimental test vessels having 
the cone thickness equal to the skell thickness These 
,curves are also given in Figs. 14 
The stress distribution for Model 3 was obtained 
directly from the theoretical analysis discussed above 
\lodels 5, 2 and 1, however, had t® be analyzed in a 
slightly different fashion 
Model 5, as can be seen in Figs. 1—4, inclusive, has 
tapers inside and out which join the knuckle to the 
straight evlindrical shell and gradually reduce the 
thickness to that of the shell 
curves for this vessel were based upon the distributions 


The calculated stress 


of shear and moment obtained for a vessel without a 
knuckle and having a cone thickness equal to that of the 
shell multiplied by the secant of one-half the apex angle 
The bending moment thus obtained was inserted in the 
MC_ I, to obtain the distribution 
of the bending stress for the tapered section 


usual equation, S 
Tensile 
stresses were obtained by a consideration of the varving 
areas. This procedure developed the theoretical dis- 
tributions which gave practical continuities of stress at 
the junction of the head to the evlinder 

The theory used for the numeriéal calculattons for 
models 1 and 2 utilized exact values for the cone 
thicknesses rather than assuming a cone thickness 
equal to that of the shell multiplied by the secant of 
one-half the apex angle. The calculations were carried 
through using the actual thicknesses of the vessels 
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DESCRIPTION OF MODELS 


The details of the knuckle region of each of the four 
models tested are shown in Figs. 1-4 

Model 2 is a '/e-seale model of a large vessel now 
being studied at Purdue. The other three models have 
variations in wall thickness and geometry of junction as 
indicated. 

In order that the properties of the material used in 
lorging the test vessels be known, specimens were 
machined from sections of the same pipe from which 
the test vessels were forged. Of the four preliminary 
specimens made, two were tested by the Standard Oil 
Co. (Indiana) and two were tested at Purdue. ‘The 


chemical analysis and physical test results follow 





Chemical analysis 
Mn P 
0.43 0.019 
Physical test 
PU-Al PU-A 


30,000 30,000 


Yield point, psi 30,750 
Ultimate strength 

psi 58,500 57,500 51,500 
Reduction of area 

o/ 63.1 3 10.6 
Elongation in 2 in 

o 


Y 37 
Brinel! hardness 132 





These physical tests are by no means considered 
complete. Representative samples were taken through- 
out the length of the pipe from which the vessels were 
forged for a complete set of tests including tensior 
compression and torsion. In addition, sufficient auxil 
iary measurements to permit the construction of true 
stress-true strain curves will be made. One set of 
specimens is being tested at Purdue and one set is being 
tested by the materials division of P.V.R.( 

At the outset it seemed desirable, for reasons of proj 
ect economy, to utilize water as the pressure medium 
This raised the problem of waterproofing the SR-4 
electric strain gages for conditions of hydrostatic pres- 
sure. Many materials were recommended and tried 
but none proved satisfactory for pressures exceeding 300 
psi. The compounds proving efficient for insulation 
against water at no pressure were ‘Miracle’ adhesive 
and a combination of Petrosene-A wax covered with 
“Qzite.”’ The complete failure under high pressure of 
all the waterproofing materials tried precluded the use 
of water as a means of applying internal pressure. Sub- 
sequently, dielectric fluids were used 

The techniques of testing the four model vessels 
much the same for all tests. The model was, first 
cleaned and sprayed with “Stresscoat’’ and s iD] 
to an internal pressure ranging to about four-fifths of 
the allowable A.S.M.E 


The resulting stresses were generally so small 


working pressure for that 
vessel 
that it was necessary to chill the coating with a blast of 
A typical 


These patterns 


CO, to bring out the crack pattern clearly 


Stresscoat pattern is shown in Fig. 5 
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Fig. 2 


Stress based on an internal pressure, ?, of 1 psi Stress based on an internal pressure, P, of 1 psi. 
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Measuredjand computed outer’ Fig. 3 > Measured and computed inner Fig. 4 Measured and computed outer 
circumferential stresses—models 1, 2, longitudinal stresses—models 1, 2, 3 longitudinal stresses—models 1, 2, 3 


3 and 5 and 3 


and 5 


Stress based on an internal pressure, P, of 1 pei. 


aided in locating strain gages and afforded a confirma cleaned and SR-4 gages of appropriate length were ap- 


tion of the location of critical points indicated by the plied at the positions determined as significant The 


theory 


JUNE 


Stresscoat patterns, model 3—shell, coat 1202, 800 
psi., 4 min.—CO, blasted and etched 


1950 


After 


the 


Stresscouat test the vessel Vis points of significance were selected with due considera- 
tion of the theoretical stress curves and the Stresscout 
patterns 

The gages were applied in accordance with estab- 
lished techniques utilizing Duco household cement as 
the adhesive. Figure 6 shows the laboratory equipment 
for testing and applying gages At all points of strain 
measurement, two SR-4 gages were used One was 

oriented to indicate longitudinal strains and one was 
oriented to indicate circumferential strain 

Once the strain gages were located and ppled both 
nside and out, the vessel was closed for test purposes 

The pressures were applied gradually im the desired 

increments and held constant during the period re- 

quired for recording data Pressure increments were 
idded until yielding was impending ie pressure Was 
then released and apphed again in increments until 
general y ielding occurred 

It was possible to make individual readings of strain 


on each gage by means of the selective switching box 
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Fig. 6 Model 3 being tested. Model 5 being prepared for 


tests in center background 

shown in Fig. 6. This unit made it possible to read any 
gage at any location 

rhe order in which the vessels were tested follows 
model 3, model 5, model 2, and model | 

The procedure followed in testing Model 3 varied 
from the general procedure followed for the others 
The principal reason for this deviation was the fact that 
the initial technique used in testing this vessel proved 
unsatisfactory. It was first thought that a combination 
of beeswax and castor oil would effectively insulate the 
SR-4 gages from the water pressure medium. Upon 
application of hydrostatic pressure, however, short 
circuits developed and rendered all readings invalid 
rhe next attempt was made utilizing Petrosene-A wax 
and “‘Miracle’ adhesive to insulate the gauges since 
transformer wire had been used in the first test, it was 
further decided to change to a plastic covered water 
proof single conductor wire. By developing a new 
switching unit made up of 100 microswitches, it was 
possible to expedite the reading of gages during tests 
Water was again employed as a pressure medium and 
as before, developed short circuits in the wiring system 
at hydrostatic pressures exceeding 300 psi. ‘The prac- 
tical difficulties of insulating SR-4 strain gages against 
water pressure were so overwhelming that it was de- 
cided to test the models by applying pressure with nitro- 
gen. The internal gages of Model 3 were replaced, the 
vessel closed and pressure applied from a nitrogen 
evlinder. Although the gages were unprotected, read- 
ings were successfully taken through 1200 psi., at which 
time local yielding was apparent and it. was considered 
unsafe to continue with the nitrogen pressure. The 
pressure medium was changed to transformer oil 
lransformer oil was selected because of its dielectric 
properties in the hopes that strain readings could be 
taken during plastic yielding. The gage readings were 
successful and a complete set of data for plastic yielding 
was Obtained. The pressure was raised until the vessel 
broke at 2750 psi 

The procedure employed in testing Model 5 was es- 
sentially that of the general procedure. Once the gages 
were located and applied, nitrogen was introduced to 
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the vessel and two loadings made in order that the 
Following 


gages would be sufficiently “exercised.” 
this, a series of pressures were applied so that readings 
could be taken within the elastic range. When local 
vielding occurred, the system was again changed to one 
employing transformer oi! and readings were obtained 
during plastic yielding. This vessel was not tested to 
destruction. 

Aside from minor changes in technique, the tests on 
models 1 and 2 followed a pattern similar to that of 
model 5, neither vessel being tested to destruction 

For models 3, 5 and 2 Stresscoat was applied to the 
outer surface of the vessels and the vessels subjected to 
internal pressure from the nitrogen cylinder 

For the one vessel tested to destruction, model 3 
metallurgical examination was made at a number of 
sections at the knuckle and at points removed from the 
fracture. ‘These examinations, generally, showed that 


t 


when strains amounted to more than 10°; the crystallo- 
graphic structures indicated elongation of the grains in 
the direction of the principal extensions For 

small as 30% and under, there seems to be an in 

of granular elongation in the principal direct 

tension, but only an indication 


ANALYSIS OF MEASURED STRAINS 


The measured stresses were obtained from t 
readings of the SR-4 strain gages Phe 


equations 


used, in which 


longitudinal stress, psi 
= circumferential stress, psi 
modulus of elasticity, psi 
y = Poisson’s ratio 
€, = longitudinal strain, in. per inch 
€- = circumferential strain, in. per in 


The values of stress, S,; and S,, for a 1-lI 
pressure, computed from the average strain for 
terval of 1 psi., are determined by the slope of 
sure-strain curves within the elastic range 
sults obtained in this manner are shown 
points on the curves in Figs. | through 
pressure-strain curves for model | are sho 
7 and 8 

In order to illustrate the significances 
vielding in the knuckle region, the strains for the longi- 
tudinal gages shown in Figs. 7 and 8 have been re- 
plotted to suitable seales in Figs. 9 and 10, respectively 
Attention is directed to the fact that the gages from 
which this data were obtained were located at the center 
of the knuckle region. The data in Fig. 9 refers to the 
center of the knuckle on the inside and the data in Fig 
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Internally measured strains, Model 1 

10 refers to the center of this 
ures 11 and 12 show stre 

lw 


he properties ol the material in the vessel 


m the | 


S-SLrain ¢ rves correspon 


irrowed lines representing the stress-strain evcle 
igs. 9 and 10 


material in tension was determine: 


respectively The yield strength 
26, 900 

ym the pressure at general vielding of 
assumed that tl 


same value W 


that 


is vessel. It may be 
compression is the 
al the assumption Vi ldir y 
maximum possible shear stress Is re 
of the knuckle at which 

will occur is } P, where } 


P is the internal pressure 


the inside 


mate rial and i 


For example, as the 


pressure Vas ¥v 


to 1400 psi., the gage line L-0.17-( 


tinuously increasin strain 


ke [1000 (1—> 124 


€ 0.0040 in. per inch 


to this value of strain (point A in Fig. 1 


urve ; 
one finds that the strain is well beyond the elastic rar 


and into the pl istic flow range ol strau 
When the pressure was removed, the 


ilue of Ke 


This corresponds to a strain of 0.0017 in 


gage recovered to 1000 


has been found that the strain recove 


long a lin rallel tl 


eorr 
Fig. 8 


Externally measured strains, Model 1 
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Internally measured strains 


position of the stress-st1 
line toward point B, one 
compression is reached 

ilue of 0.0017 in. per in 
iround the ‘‘knee’’ to th 
ifter the pressure is relea 
inside of the knuckle is 
the vie ld strength 

When the pressure w 
increased to the vield 
through point A a seco! 
the strain 
W he 
was reached, the sti 


100, corres} 


ulue while 


ising pressure 


in Fig. 11 
to Ke 


0.00909 


inch (point ¢ 
strain decre ised 
sponding to « 

following a line parallel t« 
the stress-strain curve 
reached i 
Thus the stre 


hanged from a stress ¢ 
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Fig. 12 


External stress-strain curves, Model 1 


INNER SURFACE YIELD 
STRENGTH 25,500 psi 


/ os 24000 
1400 a 800 16200 
‘ id 
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OUTER SURFACE YIELD 
STRENGTH 26,900 psi 
Fig. 13 Balance of forces from measured stresses at 


knuckles—Model | 


was Obtained and a corresponding analysis showed the 
longitudinal stress at the outside of the knuckle to be 
much less severe, the stress range remaining compres 
sive at all times. 

To check the consistency of these deductions 
longitudinal stresses on the inside and outside o 
knuckle have been plotted as shown in Fig. 13. At 
psi. internal pressure, all stresses are elastic and 
distribution nearly linear. The net area under 
curve of stress distribution defines a force and 
agreement with the total force per inch of ci 


ference necessary to hold the head onto the she 


Similarly, for 800 psi. and 1400 psi., the net areas again 


indicate consistent forces at the center of the knuckle 
The fact that this balance holds for stresses in the 
plastic range (1400 psi. pressure) substantiates thi 


validity of this analysis. 


CORRELATIONS 
Materials 


The effect of heat treating the material in the 
may be noted in the tensile strengths and elong 
rests PU A-1 and PU A-2 at the Standard Oil! 
(Indiana) were made before heat treatment 
specimens PU A-4 and PU A-5 were tested 
treatment The relative decrease in reduction 
and increase in elongation indicate that the mate 
behaved more uniformly after heat treatment than be- 
fore. This fact justifies the extreme care taken in he 
treating the material prior to test 


B. Theory vs. Test Results in the Elastic Range 
\ critical examination of Figs. 1 through 4 


senting the data for the models, shows that while there 
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are a few local discrepancies the general trends of the 
stress distribution for the head-to-cylinder junction are 
remarkably the same whether computed by the Love- 
Meissner approximation or determined by actual 
measurement 

In those cases for which a torus section was used, the 
plane of intersection was chosen as the point of tan 
genev between the torus and the shell Cheoretically 
one would expect the maximum stresses to occur near 
the center of the torus section, not at the point of 
tangency. The test results indicate that the maximum 
stress does occur a short distance on the torus side of the 
plane of intersection indicated above On the basis of 
the theoretical analvsis alone one Can observe 
model 2, which has a wall thickness one half as great 
is the other vessels, that the ompressive stresses 1n the 
circumferential direction are much more prominent 


than for the vessels with thicker walls Chis suggests 
that if the wall thickness were still further reduced o 
generally speaking, the ratio of diameter to thickness 


increased, the circumferential compressive 


stresses 
vould become the significant stresses ind thereb 
govern design Che experimental results verify tl 
trend 

\ close examination of the comparison between meas 
ured and computed stresses for these thin-walled ves 
sels indicates that the Love-Meissner approximatior 
In very close agreement with the actual behavior of the 
shells Using the computed values for the maximun 
longitudinal stress on the inside at the juncture, it fol 
lows that the pressure necessary to cause localize 
vielding for model 3 is 580 psi., which is only 787 of the 
allowable working pressure (745 psi.) computed on the 
basis of average stress in the sice ill equal to one 
fourth of the ultimate stre ngth 

For model 5 the pressure CaAUSINGE localized ¥ ielding is 


vorking pres 


1030 psi., which is 138° 
slire 

For model 1 the pressure zed yielding 
igain 580 psi., or 78° working pres 

For model 2 the pressure causing localized yielding 
over an extremely narrow band is 193 psi. which is onl 
52°, of the allowable working pressure (372 psi 
\ttention 1s directed to the fact that the maximum 
circumferential compressive stress at the juncture 
model 2 is indicated as 22,300 ps t the allowable 


working pressure 


Test Results in the Plastic Range 


teference to ] iv. whit h shows the meas ired longi 
tudinal strains on the inside center of the torus section 
for model 1, shows that vielding at the gage locatior 
was apparent for all pressures above the allowabli 
In Fig. 11 the strains corresponding 


to test pressures of twice the working pressures reveal 


working pressure 


that when the pressure was removed, the residual stress 


at the gage was a compression equal to the combined 


vield strength for the material 


Junge 1950 


Figures 10 and 12 indicate that the longitudinal com- 
pressive strains on the outside of the vessel did not re- 
turn to zero when the pressure was removed. This 
means that after the vessel had been tested and pressure 
removed, the state of locked-up stresses at the juncture 
was one of compressive stresses on the surfaces at the 


center of the torus Consequen ly a locked-up tensile 


stress at the center of the wall must exist \t points 
near the center (not more than the thickness of the wall 
from the center) the stress situation is entirely different 


Therefore, for a very ductile material, one would expect 


to find fatigue failures occurring a ts near to but 


not at the location of maximum static stress. For very 
brittle materials, or materials at temperatures below 
critical, the highly localized strains at the center of the 
orus might be expected to cause fractur Che situa- 
tion is further aggravated by a ( i such as 


those occurring in models 2 and : 


neat ly so 
gradual 


Model 5 
with the thir ker head and i I youk ( xpected to 


severe for vessels with thicke 


tapers such as oecur in Model 


have lower stresses 
One important observatio 
with all models: that wt 


first started, there was no measurable departure from 


on] inction 


S ict walls 


the original geometry of the 


CONCLUSIONS 


From the experience thu far obtained with the 


model vessels and the data obtained during the course of 


this investigation, the following « ions relative to 
the general action of pressure been drawn 
| For conical he ads attac he l ) iiil | cal Vest ls, 
the Love-Meissner approximation satisfactory 
indication of the stress distribution icinity of the 
) incture within the elastic Ln ge 

2. This approximation gives an indication of the 
elastic stress distribution for torico having a 
short knuckle radius 

The Love-Meissner approximation | ius far not 
been applied to heads having rela ge knuckle 
radii 
ASM. illowable 
stresses beyond the yield strength 


may be expected in the longitudinal direction at the 


3 At pressures equal to the 


vorking pressure, 


juncture except where the cone and knuckle thicknesses 
ire apprec iably greater than that of the side walls 

1. When pressures equal to one and one-half to 
Ltwi the A.S.M.E. allowable 


plied to vessels with conical or toriconical heads, plastic 


vorking pressure are ap- 


Vie lding occurs 
5 When the test pressure ~ 


stresses in longitudinal compression 


locked-up 
veloped on 
the inside at the juncture where hig stresses ex- 
isted under pressure 

6. The occurrence of sucl localized yielding 
did not produce a measu from the orig- 
inal geometry of the over 


7 The signific ance on tolerances upon 
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the distribution of stresses cannot be evaluated from 


these models. 


fabricated in accordance with standard procedure are 


needed. 
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Shrinkage Dist 
by W. Spraragen and W. G. Ettinger 


HIS report is an attempt to systematize information 
available in the literature on the subject of Shrink- 
age Distortion in the form of charts and formulas 
with suitable correction factors. In view of the 
fact that more than 20 variables are involved, arbitrary 
assumptions have been made throughout which the 
authors believe represent average conditions. Every 
firm is urged to simplify and modify this information 
into more accurate constants to suit conditions pre- 


vailing in its own shops 


EXPANSION, CONTRACTION, UPSETTING 


When an edge of a plate is heated, such as in welding, 
it tends to expand in all directions. It is restrained in 
certain directions by the cold portions of the rest of the 
plate and therefore the total volumetric increase is 
taken care of by greater changes in the direction where 
the restraint does not exert its influence and upsetting 
action takes place. On cooling, the heated edge is 
restrained from shrinking by the colder portions of the 
plate. The vield point of the very hot metal is only a 
small fraction of that of the cold metal. This more 
rapid heating and cooling of the edges causes them to be 
shorter than they would have been with uniform heat- 
ing and cooling of the entire section. We will ignore 
metallurgical volumetric changes 

This very simple explanation brings out that the 


following variables are involved: 


Rate of temperature increase In each part and 
total temperature increase In each part 

Rate of temperature decrease in each part and 
total te mperature drop in each part 

Volumes of metal undergoing expansion at each 


rate of temperature increase 


W. Spraragen 
Welding Researct 

( mittee are LaMotte G 
MacCutcheon 


W. G. Ettinger are 
‘ ne dt tee ‘ 
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Shrinkaae Distor lion 


ortion in Welding 


Volumes of metal undergoing contraction at 
rate ol temperature decrease. 
Degree of constraint. 


Inasmuch as information of this type cannot be read- 
ily dealt with by the welding engineer, an attempt will 
be made to simplify this information for average con- 
ditions in terms and measurements to which the welding 


engineer has ACCESS. 


TRANSVERSE SHRINKAGE 


Butt Welds 


It is assumed that parts to be welded are tacked 
together, or if they are free to move that suitable allow 
ance has been made for closure of the gap to a standard 
width. The amount of weld metal deposited depends 
upon the type of joint, the distance by which the plates 
are separated, the thickness of the plates and the 
reinforcement. The amount of heat input is propo 
tional to the volume of the weld metal added. Con- 
duction losses in thicker plates are, however, propot 
tionately greater. 

We have examined the data available, of 
practically no two items are directly comparable 
have evolved the following simple formula for plat 
welded with covered electrodes 

Transverse Shrinkage (S) = Shrinkage of the he 


plate section (S,) + Shrinkage of Weld (S 


A =F 
0.2 + 0.05d 


where 


A. cross-sectional area of 
t thickness ot plate S (in 
d free distance (in.) (root o 


The above formula is particularly applicable 


thicker than one inch. If we have plates thinner than 


Ll in., it is probably better to use a Value of 0.18 instead 
of 0.20 as the plate does not absorb so much heat Phe 


formula attempts to take into account reinforcement 
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{ 


and no reinforcement, number of lavers and norn 
speeds For sheets thinne than , In the data ire 
so much dependent on local conditions that no safe 


] 


general rules will apply. For thinner plates “buckling 


may be more serious than shrinkage 


Plate Width 


{ 


The above formula applies for widths of pl: 
perpendicular to joint) greater than 3 i For lesse 
vidths it would be best to allow 20°7 less shrinkage 


than that shown because of less restraining influence 


heating and coo 


Length of Joint 


For very short welds, less than 10 times the thicl 
ness, the above formula may not hold It is based or 
longer welds properly tacked rhe shrinkage in short 
velds will probably be 10 or 15°% less than that ind 
cated On the other hand, for welds longer than 10 
times the thickness “ussuming adequate tacking 


iverade shrinkage becomes stabilized 


Degree of Applied Restraint 


‘ fy t 


In general, the greater the degree of restrai 
the shrinkage and distortion and the greater the residual 
stresses. Clamping and tacking, therefore, tend 
reduce the shrinkage Phe yreatel the number 
lavers, within limits for manual welding 
the restraint of the finished part and the less the shrink- 
age Chis is offset to some degree by requiring greatet 
heat input The formula above is for average condi- 
tions If it is necessary to reduce the amount of shrink 
ize below these average values for a given cross sectior 
of weld, the stringer bead type of deposit with cooling 
hetween passes should be used This 1 in ine 
costs considerably In thin plates 
heavily restrained conditions it 1 


velding sequence step back 


ete vhich will reduce d 


furthe: Ir ! Instances 


Joint Design 


Naturally type of joint 
of shrinkage The smaller cross 
by the double V- or U-joint 
V decreases the shrinkage 


idequate to take 


commonly used 


Information ot 


Positions of Welding 


For horizontal welding the 


ibout 20°7.) than that indi 


JUNE 1950 


Peening 


For many years has employed 


peening to control peening is also 
used to prevent cracking of weld metal in regions ot 


severe restraint. Depending upon the amount of 


peening, the shrinkage can be controlled from practi- 
cally zero shrinkage to an amount 20 less than that 
obtained without peening rhe latt ign is the one 
most commonly employed. In 


shrinkage cold peening is more eff 


Ing 


Thermal Factors 


Preheating provides more uniform heating and 


cooling and therefore tends to minimize shrinkage. 


Depending upon the amount of preheat, reductions in 
| 


shrinkage may be obtained—a 20° is probably 


i sate one to use 


Welding Method 


As indicated, the formula was d or covered 
electrode are welding. Bare wire welds have shrinkage 
values about 12°; less than that shown by the above 
formula, and corre sponding corrections should be made, 
Cas welding may be 20 to 50! hig or lowe! depends 
Ing on the width of the plates, tha is, the relative 
areas of heated and cooled section lf narrow plates 
re being welded, this process Wot fn i same effect 
is preheating and would give less shrinkage than the 
ire welds In submerged are a very rapid rate of 
velding is attained. In abutting plate to 2 in. in 
thickness with one or t ss submerg velding 
the shrinkage mav be less than « half of that given 
in the formula 

Cooling between pa s tl raint and 
reduces the total shrinkag | ( ling tends to be 
more uniform cooling an for mds to decrease 

r-all shrinkage 


theating reduces 


residual stresses and promo 1aistl ( ut shrinkage 


mav not be affected except 
Fillet Welds 


vailable 
ving to 


such 


S/ 





For plates */,in. and under, ‘“‘buckling”’ may be more 
serious than shrinkage 

For “deep fillet” technique the amount of shrinkage 

from the 


would be larger than that calculated 


visible fillet. 


ANGULAR DISTORTION 


Angular distortion is a result of an unsymmetrical 


shrinkage with respect to the width or across the thick 
The greater the number of layers for a V- or [ 


hess 


joint, the greater is the distortion Interpass cooling 


mav be con 


tends to increase angular distortion It 
trolled and reduced to zero by rigid clamping, by weld- 
ng alternate layers ol a double U- or V-joint or by 


peening each laver in any type joint Uncontrolled 


a single V-joint in '/s in. plate could assume a 10° dis- 


tortion 


LONGITUDINAL SHRINKAGE 


The longitudinal shrinkage is proportional to the 
Jength of the weld and is a function of the cross section 


of the weld and the cross sectional area of the colder 


portions ol the plates resisting the expansion and con- 


traction forces of the hot metal as the weld is made and 
cooled Since the stress is not equally applied, not all 
of the area of the colder portion is equally effective in 
resisting the shrinkage and upsetting action. In built- 
up sections, such as structural members, ships, tanks 
te., it is difficult 


Therefore, it seems desirable that each industry compile 


to calculate how much is effective 


over-all data for shrinkage in its own field. Inforraation 
of this type is given in the three literature reviews re- 
ferred to at the end of this article 

lor cases where the area of the restraining plates Is 
not more than 20 times the cross-sectional area of the 
total weld, one may use the following formula 


Shrinkage (in. per inch A,, A, x 0.025 


irea of weld (sq. in 
area of restraining plates (sq. in 





»* WELD 


N. PER IN 














NAL AREA OF A 


Fig. | Each curve represents the variation of unit longi- 
tudinal shrinkage as a function of the transverse cross- 
sectional area of the welded assembly for a given weld 
cross section 
The shrinkage tends to become stabilized when the sectional area of 
assembly exceeds a certain value, which is indicated by the dotted 
his chart has been adapted from Guyot 


If, however, the area of the restraining plates is more 


t is necessary 


than 20 times the area of the weld 
the chart shown in Fig. 1 
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Weld Metal Properties at Low Temperatures 


® Tests of deposited metal of ferritic nickel steel electrodes 
containing up to 5% nickel, 25-20 stainless steel, Monel and a 


high 


by T. N. Warner 


irmstrong and W. L. 


ONSIDERABLE information has been develop 
over the past lew vears on the effect of low tempera- 
tures on the properties of steels. Sufficient know] 

edge has been gained on the influence of deoxidiza- 
tion practice, microstructure and composition to permit 
selection of steels that will retain the desired degre 
of toughness at temperatures as low as have been 
measured. 

Although rapid strides have been made in low-tem 
perature processing, and interest is growing in bulk 
storage of liquefied gases, the problem of low-tempera 
ture embrittlement has not been confined to extreme 
low temperatures, as the most frequent failures have 
been in equipment designed to operate at normal 
mospheric temperatures, and a large portion of 
temperature processing has been conducted at tempera 
10 and 160° | 


which ferritic steels have been used successfully 


tures between temperatures 
The broad use of welding for joining component 
added to the complexity of the problem, as propert 
in the base material adjacent to the weld influenc 
bv the procedure ol welding Also, when filler met 
is used, the deposited metal must possess toughn 
of the same order as the base meta 
perature 
As study of properties of 
ires has been somewhat limite 
investigate the properties of deposites 
nickel steel electrodes containing up i ( te 
5°) nickel. ‘Tests were made on deposited 
nine brands of commercial nickel 
low-hvdrogen tvpe coatings contlorming 
WELDING Sociery ( KX15 
number of tests 
Ivpe 310 (25 
ve lding steel and 
illov containing « 
steel. The dis 
confined to tests 
vhich were made at the Watertow1 
T N pares is 


Watertown A 


June 1950 


nickel-chromium-iron 


alloy containing columbium 


DETAILS OF TEST 


Each electrode was submitted to a performance test 
consisting of welding in the flat and vertical positions 
to determine the operating characteristics. Only the 
5°) nickel-steel electrode sented any difficulties, 
With this electrode, troub! 


rosity and root cracking, although 


is encountered with p@ 
icceptable welds 
were finally obtained 

Butt welds, using 1. electrodes, were made in the 
flat position on 1'/s we-carbon 3 ;, nickel-steel 
Specifications \203 
Grade D. Joint preparation consisted of a single Ve 


plate conforming to A.S.T.M 
groove with 60° included angle \ copper backing 
strip was used in all cases except Tol the 5°; nickel- 
Welds 
maximum interpass 
No cracking 
velds except 
lectrodes, ag 


steel electrodes which required isteel backing 
were made without pre heat and a 
temperature of 300° F. w maintained 
was encountered in either t plate or the 
in the welds made witl 
previously mentioned 

It is recognized that the is someé= 
vhat small for the thicknes electrodes 
were procured before it vas rine that plate 


thinner than 1'/s in. was at first \pproxi- 


mately 18 beads were used in making ea velds 
After X-raving the soundness 
ions were remove Ie ! iration§ ol ill-weld 


metal tense test t met I i@ tests were made 


on 0.505 in. all-d d metal s} nens from sections 
reheving at 
were mia- 
ito avoid 
dilution 
(hemical analvs 
is of broken 


isted in Table | 


rFENSILE TESTS OF DEPOSITED METAL 


Results secured from te of all-weld metal are tabu 
lated in Table 2 

In making the 
select the current 


periormance charact 


a] eld Ve tal Pp ope fies 








Table 1—Chemical Analysis of Deposited Metal 
(Drillings Taken from One End of Broken Test Coupon 


Cr 
0 02 
0.02 
0 04 


Electrode Specime n ¢ y % Si // 
\ A3 OS 15 

B a 12 

( 06 
D D OS 0 10 
I | 0 06 0.07 
I iy 065 0.01 
( 
I 
J2 


Sorin & 
Ce w ow! 


G ib 0.05 76 2 5 Nil 

H 1} 07 ‘ ( 3.5! 0.03 
J i) 2 8: 0.08 
Plate 15 57 2 3.7 0.03 





Analysis made on turnings from near center of all-deposited metal specime Welds were made on 1-in. plat 





rent was considerably below that reeommended by the 

manufacturer and duplicate welds were made with ctrod: Fracture 
higher current density. It was also evident that there Partial cup—fibrous 

One fracture irregular 
Partial cup—fibrous 

if the appearance of the fractured specimens could be Irregular—fine porosit 
Partial eup—fibrous 
Partial cup—fibrous 

on condition of fracture. Cup —fibrous 
Irregular—woody spots 
Irregular—small ervstalline 
condition of fracture and the reduction of area than : Irregular—crystalline spot 


was a difference in the moisture content of the coatings 
accepted as the criterion. The following was recorded 
There appears to be nh closer relation between the 


between fracture and elongation, as the specimens with 








‘Table 2—Tensile Test Data on All-Deposited Metal from Butt Welds in l-In. Plate of 3'/.% Nickel Steel ® ..-In. Diam. Nickel 
Steel Electrodes 


Elongation Redu« 
Specimen j l ( x rails area 
TY ' ‘ 75 2 63 
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ty 


ot 
02.5 


a0 
4.0 
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ytyto 
SISO DAnwNN 


ae 


ttytowrmrmwnrwnrnrns: 
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7 YC 
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O00 
5,000 74.000 
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I 
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"A W As-welded ‘ ress reliey 1150° | t DD—Second lot of Electrode D 


201}-s y nd. Warner Weld Metal Prope rties WELDING Resi 








lable 3—Welded Joint Tensile Tests */.-In. 


Specimens As-Welded 


1 point, 
Offset 
57,100 
62.200 
100 
‘ OOO 
61,500 
O00 
OOO 
yO SOO 
62,500 
66,500 
‘ OOO 
0500 
60.000 
60.500 
61.000 
yO SOO 
»S SOO 
54.400 
55.6000 
5S, S00 
56 000 
> O00 
400 
76.400 
57 000 
200 
7.000 
3 000 
7 OOO 
500 
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¥ 
| 
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' 
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' 
{ 
‘ 
' 
‘ 
‘ 
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% Shear Fracture 


x 60 rm 
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Figure l 





regular cup and cone fracture and fully fibrous all had 
high percentage of reduction of area. Elongation was 
not as much affected by small crystalline areas. 

It is interesting to note the difference in strength 
values among the different welds, which appears to be 
due only in part to differences in analyses. 

Stress relieving did not appear to affect the proper- 
ties appreciably. This may be due to the large number 


of beads. If larger electrodes and fewer number of 


passes had been used, the difference between the prop- 


erties in the as-welded condition and the stress-relieved 
condition might have been greater 


WELD C-1 


Figure 5 


WELDED JOINT TENSILE TEST 
The results of tensile tests of the welded joints are 
given in Table 3. 
« in. in thickness. 
made with electrode H, fracture occurred in the plate 


These tests were made on plate 
In all cases, except for the welds 


which was to be expected, as strength properties of the 
welds were higher than those of the plate 
welded with electrode H fractured in the welds 


specimens 


These specimens were tested in the as-welded con- 
dition and tests of stress-relieved specimens were not 
made as it appeared that little additional information 
ibove 


would be gained, since weld metal strengths were 
plate strength except in one instance 


Figure 6 





Table 4—Free Bend—Butt Welds 


Specimens | in. Thick by 1 in 


Wick 
Speciomer 


h-1* 


B-2 
B-1 
B-2 


$- | 


Bel 
B-2 
B-1 
B-1A 
B-2 
3] 
B-LA 
B-2 


B-2A 


All Specimens Stress Relieved at 1150° I 


for 2 Hr 
Elongation ‘ Rema 


Separation in root pass below 
questionable 

OK no eracks 

Large cracks at each edge of 

Small tears at edges Selieve 

Ok no cracks 

O. kK no cracks 

Q. K. slight porosity in weld 1 

Ok 

OK 

O. Kk 

Large crack across Spec 

Porous spot in weld metal 

O. kK 

Tear at one edge about 


no cracks 
no cracks 
no eracks 


ho Cracks 


Large crack at one edge in weld n 
oO. kK 
OK 
O. kK 


porous spot in weld meta 
no crac ks 

no cracks 

0. K.—small porous spot 

Oo. K no eracks 

Cracks in weld metal 

No cracks 

Crack in weld metal 

Fine cracks in weld metal 

Fine crack parallel to intertace 
No appreciable propagation ol er 
Small tear in weld metal on sick 
Fine crack at interface 

No appreciable propagation of 
Fine crack in weld metal 

No appreciable propagation 





* Specimens B-L root bend } Specimens B-2 face bend 
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FREE BEND TESTS break in the temperature energs 


Free bend tests both root and face be nds, were mac 
on specimens stress relieved at 1150° |] fesults are 
se son can be made in two ways 

given in Table 4. In general, the orgin of cracks ‘ 
values taken from the curv 

70. 0 and —150° F., and se 


spots , . , 
tures at which 15 ft.-Ib. are 


t r 


appeared to be in nonme tallic inclusions, or 


these values are listed In 


CHARPY IMPACT TESTS 


ibsorption curve, but 


usually a gradual lowering of energy absorption occurs 


with decrease in temperature An arbitrary comparl- 


comparing Impact 
temperatures Of plus 


omparing tempera- 


nvenience 





Charpy impact specimens with kevhol 
machined from butt welds made in | 
Test specimens were taken from the top hall ol 
and transverse to the direction ot velding. Specimet 
were notched perpe ndicular to the face ot the eld, a 
all welds were stress relieved at 4 F. for 2 
Specimens wert tested at a series of temperatures be 
tween +175° and —238° F. In iddition to recording 
energy absorption, the fracture of each specimen Wa 
obse rved, and the re lative areas of fibrous and eryvst 
line surtaces estimate d These data are plotted in Fig 


1 to 14, inclusive 





If 100°7 shear fracture is used as the criterion, 1t w1 


be noted that this occurs for the different electrode : 

vithin a range ol 30 to 120° I The transit 22 es ee 

temperature Is somewhat difficult to determine a an 

characteristic of nickel steel. there may not be a shai ture properties, but ¢ and I app 
by current density than A 


esting Ternperature oF 


Figure 7 


g Temperature °F 


Figure 8 
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iow temperas 
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— Charpy impact 


Charpy impact (Keyhole Notch) Ft. Lbs. 


—=—% Shear Fracture 


0-08 -W 0 WM 120 1 24 30 -1 0-60 -20 
Testing Temperature °F Testing Temperature °F 


Figure 11 Figure 12 


(;, H and J were tested under only one condition of There is a remote possibility that the stress-relieved 

current. Electrodes H and J gave comparatively good specimens are affected by temper embrittlement, but 11 

results, but on the basis of both tensile preperties and should be recognized that Eleetrode A, which suffered 

impact, electrodes F and G appear to be of questionable more deterioration in properties than Electrode | 

quality on stress relieving, contained 0.45°, molybdenum. 
Impact tests were made on welds from two electrodes 

A and EF, at —65 and —150° F. to determine the effect 

of heat treatment. The results are shown in the fol- 


CRACKING SENSITIVITY TEST 


lowing table: Electrodes A and B were submitted to a 





Effect of Heat Treatment on Low Temperature Impact Properties 
Charpy impact, ft.-lh., fk ‘ 
aj 150 a5 
Kleetrode 


s relieved, 1150° I 29, 
lized, 1600 stress relieved, 1150° | $1, 42 
ter quenched 1600 stress relieved, 1150° | 37, 3S 


] le« trode 
elded $1, 42 
ess relieved, 1105° | 31, 32 
rmalized, 1650 stress relieved, 1150° I 5. 36 
ter quenched, 1160 stress relieved, 1150° | 3, 34 





It is surprising that heat treatment does not effect sensitivity test, called the patch test, developed by the 
an appreciable improvement. In fact, the stress- U.S. Navy Dept. The plate was 1 x 12 x 12 in., rather 
relieved specimens are appreciably lower at —150 than the recommended 24 in. square, which was reported 
I. than the as-welded specimens. Also, normalizing te cause greater restraint. Welds from neither elec- 
and stress relieving is preferred to water quenching and trode cracked when the quadrants were welded at 150 
stress relieving and at 70° F. Welds were not made at lower tempera 


tures, which is considered to introduce greater restraint 


0-— 


WELD H-2 


Charpy impact (Keyhole Notch) Ft. Lbs. 


0 -x ’ fe » 1 180 ~-1 120 -9 -@ -W ) 
Testing Temperature °F Testing Temperature °F 


Figure 13 Figure If 
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Fig. 15° Effect of temperature on impact properties of ur Effect of tem 
weld metal containing less than 37 nickel = 
Fig. lo Effect of temperature on properties of weld metal 
containing more than 39% nickel 


HIGH-ALLOY ELECTRODES 


Standard U-groove butt welds were made on plate ot ipproximate center of the 
low-carbon 9°, nickel steel with each of the three high te surtace specimens 
, , 1 “ ~*~) : > —- 
allov electrodes; namely, vp 310 (2 Cr20 Ni 320° I Results were as 


stainless steel, a special Monel for welding on stec 





lesignated as 140 Monel, and an 80°, nickel-chromium 

, : : _ ‘ Charpy Impact Results on High-sAlloy Welds (hey hole 

iron alloy containing columbium designated as R38* Notch) 

All weld metal tensile specimens were taken from thi 

top half of the weld Weld joint tensile tests were taker Type, weld and cond 

transverse to the direction of welding and tests made yp 310 Stainless, as 
t38C, as-welded 


on both as-welded and stress relieved (1050° F. for 2 hi R3S8C stress reliev 
specimens Results of tests from all-cde posited meta ~ “rem nrg “ 





specimens were as follows 





Pensile Test Results of All-Deposited Metal, High-Alloy Electrodes 
Elongat 


5 000 is 0 
15.000 1 O 
0.000 24 0 


OS 500 ; i) 


310 Stainless 

140 Monel 

R38C (80% Ni 

| Peete eheated 1050 


Welded Joint Tensile Tests 


and 
), as-welce 86,500 52.000 
as-welded S8 O00 6S _OO™M 
stress relieved 108,500 67.000 
10 \ionel. as-welded 85.000 55.800 
10 Monel, stress relic 06,300 74.000 





None in I ults indicate ¢ if i ength ol 
t the R38C and 140 Monel welds relieving Is not 


it 
from either vccompanied by a significant dec notched-bar 
the 


Its 


resu 


R38C are subject precipitat ha ling 


perature ol I eVIng 
electrode would m ‘ ld streng iuirement ot impact properties Chere va , | in 
noteh tf rughness of the st 


65,000 psi 


n temperature but the I 


cated welds 


IMPACT PROPERTIES OF HIGH-ALLOY 


WELDS CONCLUSION 





properties sufficient to meet requirements of most 
commercial specifications can be obtained at tempera- 
—150° F. 
from some commercial nickel steel electrodes with low- 
There 


differences in both normal temperature tensile proper- 


tures down to below in weld metal deposited 


hydrogen types of coatings. are significant 
ties and low-temperature impact properties of weld 
metal deposited from different brands of electrodes 
which are due, in part, to factors other than composi- 
tion. Also, properties of the weld metal are affected 
more by change in welding current with some electrodes 
with others. 


than Properties of all-weld metal in 


welds */, to 1'/, in. thick were not improved by stress 
Most 
would conform to 
Classification FE 8015. 


Impact properties of welds made with two different 


of the nickel steel electrodes tested 
AMERICAN WELDING 


relieving. 


SOCIETY 


types of high nickel alloy electrodes suitable for welding 


ferritie steels did not appear to be affected by tempera- 
tures as low as —320° F. Although impact properties 
of weld metal from Type 310 stainless-steel electrode 
— 320° F. than at 70° F., 
sufficiently high to meet requirements of most specifica 


were lower at values were 


tions. 
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{ Torsion Test for Spot Welds 


HE torsion test specimen and machine shown in 
Figs. 1 and 2 have been found useful in developing 
spot-welding procedures for steels having a tensile 
strength of 64,000 psi. (0.25°% carbon) used in rail- 

car construction 


way The specimen is not affected 


by buckling of the sheets. The angle of twist provides 





cs 























Fig. 1 Torsion test specimen for a spot weld. Dimen- 


sions in millimeters 


The 


sensitivity of the test is illustrated by the test curves 


a useful measure of the duetility of the weld 


Fig. 3, drawn by the machine. The welding cycle is 


shown below each curve 
16,500 amp 


The welding current 7, was 


in each test, and the preheating current 
11,000 The 
que nehed under the electrodes and then was reheated by 
13.500 amp. in 
in Diagram A Best results are indi 
and D. Weld A was overheated while Weld 


Fk was not heated to the proper temperature for anneal 


Was approximately amp weld was 


currents increasing from Diagram F 


to 16.500 amp 


cated in ¢ 


led ‘'Contribution a 
shed in Soudure ¢ Te ’ ‘ 
Abstracted by Dr. G. E. Cla 


irmstrong, Warne 


Fig. 2 Torsion testing machine 
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Coe 


160004 |s = 165004 





— 4 j | 
Is = 165004 Ir= 165004 1s = 165004 Ir 


=J33 
o®s 33 


is=16 5004 I-14. 9004 /s:465004 I= 14.2004 5265004 
0.69 in 


Fig. 3 Torion test diagrams for spot welds 
diameter in mild steel sheets 





i elastic limit in torsion, kge./mm.*; K. ultimate strength in 
torsion, kg./mm angle of twist at failure, degrees; vertical 


axis load; horizontal axis angle of twist 
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Brittle Failure and Size Effect in a Mild Stee 


® Within limits and with due regard to fracture criteria specimen 
size does not affect transition temperature. 


type impact bar 


by kh. J. Stodden and E. P. Klier 


Abstract 


is been general! epted that the pl il properties 
highly affected by 
with reference 


for 


it which britth 


steels are the st specin 
neeption « 

that increasing s§ 
Tallure may 
validity of this interpretation of 


flicult to rationalize 


small-seale test results 
thie present work 
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| Schematic illustration of specific impact work vs. 
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Fig. 2.) Microstructure and inclusions in the transverse 
direction. 100» 


limiting severity, and this limiting condition is charac- 
teristic of the material. For steels this leads to 
suggestion that the limiting ‘sharp’ notch 
having a root radius of approximately 0.019 in 

the test specimens are notched with a notch « 

root radius, the notch effect will be reasonably co 
stant for all specimens. The testing conditions for 
the different size specimens will not be fully compa 
rable, however, as the stress gradients in the test se 

will vary. This variation in stress gradient co 
expected to become increasingly Important 
specimen size is decreased. 

In the present report the slow-bend test previ 
discussed'* is used to study the effect of size of test 
bar on the fracture characteristics of a mild steel. The 
testing velocity has been held sensibly constant while 
a 0.0015-in. root radius pressed notch, which 
believed attains Neuber’s limiting notch size for 


steel, has been used for all slow-bend specimens 


Fig. 3) Microstructure and inclusions in the direction of 
rolling. 100™ 
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Fig. 4 Illustration of method of sampling various size specimens from as-received steel 
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homogeneous. Specimens (Size 3C) selected at random 
through the stock did not reveal any inhomogeneity 
during testing. It is probable that the fracture char- 
acteristics vary slightly from one end of the billet to 
the other, but the transition from ductile to brittle 
behavior appears established within the temperature 
range +10 to +15° C. 
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indicated by the data for Specimen 11D), and also to 
establish if any such trend resulted from a reduction o 
width or height. 


The results obtained with these last three sets o 


specimens indicate that the transition temperature 
given for the Specimens 4D is not lower than might be 
expected from material variations of the bar stock 
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obtained on Specimens VPD, which despite the reduc 
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through a transition range corresponding to the 
ductile-brittle fracture transition. For this test pro- 
cedure the transition in load values is not a sensitive 
index of the ductile-brittle transition. 

A comparison of the reduced moment for the various 
specimens reveals no size effect, but there is little 
question that were it possible to compare the energies 
absorbed to fracture, a size effect would be found.’® 


DISCUSSION AND CONCLUSIONS 
In the consideration of 
encountered in mild steels, it is known that the criteria 
of the ductile-brittle transitions do 
agree. !? 


the fracture phenomena 
not in general 
Thus the change from a shear to a cleavage 
type fracture may occur at a much higher temperature 
than does the transition in energy absorption for a 
given test. both criteria are 
widely used in the evaluation of mild-steel plate.'” '* 


However, transition 

In the evaluation of “size effect’’ for a given steel the 
selection of a criterion of the ductile-brittle transition 
becomes of major importance, and it is obvious that if 
a test procedure exists for which these criteria are in 
adequate agreement, an important source of confusion 
in the interpretation of results will have been eliminated 
The slow-bend test, as used here, appears to be a test 
for which this agreement in transition criteria is largely 
achieved. For this test bar and for the steel examined 
therefore, it is possible to speak of a transition tempera- 
ture which is largely independent of specimen size, so 
long as the transition criteria are in full agreement 
The transition temperature determined here may then 
have a fundamental significance in the evaluation of 
notch sensitivity, and may be properly compared to a 
comparable temperature obtained for another steel 

In a comparison of this sort an additional factor 
evaluated, and this is a velocity of 
Thus the 


increasing loading rate 


may readily be 


loading factor. transition temperature is 
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increase in the transition temperature unquestionably 


elevated with rate of 
varies from steel to steel, and is undoubtedly an 
If the “ 


eliminated for a given steel the ve locity effect mav he 
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portant quantity. size effect’ is satisfactorily 
studied directly 

The transition data are possibly significant in one 
other direction, and this is the evaluation of the test 
For such 
full 
the transition data may for practical pur- 


results of non-standard fracture test bars 


test bars, so long as the fracture criteria are in 


agreement 


poses be consistent with the fracture data obtained with 
a standard test. 


SUMMARY 


1. It has been shown that for the steel studied the 
specimen size, within the limits discussed, has no 
effect on the temperature of transition from ductile to 
brittle behavior so long as the transition criteria are in 
suitable agreement 

2. The Charpy-type impact bar when tested in th 
Schnadt modification gives a transition in fracture 
characteristics which is very sharp. This makes this 
test bar particularly suitable for fracture transition 


studies 
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to make available in condensed and readily usable form 
the information existing in the literature of the world 
scattered through many journals and written in several 
languages. Some 70 critical reviews of the literature 
were thus published and widely distributed 

With this as a base, the Council has undertaken and 
carried out researches in a broad number of fields of 
direct interest to fabricators and users of weldments of 
all sorts It has dealt with such subjects as materials 
at elevated, low, and normal temperatures; problems 
relating to weldability, weld stresses and plasticity; 
fabrication procedures; design considerations; and 
testing and inspection. It has established the various 


elements of resistance welding, including spot, pro- 
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jection, seam and flash welding, on a scientific basis 
For many applications of this process it has developed 
optimum procedures. It has dealt with specific indus- 
trial applications, including ships, tanks, pressure ves- 
sels, boilers, structural steel and bridges It has 


secured necessary engineering design data for different 


types of joints subjected to cyclic loading. It has 


covered investigations in the high-alloy, light-alloy 
nickel-alloy and low-alloy fields. 
The Council has established research centers in some 


30 of the leading universities in this country. The by- 


product of training young men and research professors 
in the welding and related sciences proved of invaluable 


aid to the Government during the war. Its efforts have 


been directly and indirectly responsible for bette1 
specifications relating to materials and fabrication proc- 


esses. 


Its work has never been of a spectacular nature 
but has constantly and continuously resulted in bettet 
safer and more economical weldments. 
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_ li Re 46-foot fracture welded / 


: An example is the oxyacetylene braze- 
ae welding of a 36-foot fracture in this 
aa 10-ton blank holder. The casting had 
= meacrunt FIRST FRACTURE fractured before and was braze-welded 
by the Super Arc Welding Company, 
' = Detroit, Mich., using Tobin Bronze. 
. When it broke the second time, a 36-foot 
> ie fracture, the old weld was not affected. 
- The same company again repaired it... 
naturally with Tobin Bronze. 


The larger the weld the more chance 
there is for thermal stresses to create 
re Folate lame) Mmadeld Tile Mel mmagela. dulce 

So the bigger the job, the more im- 
portant it is to use Tobin Bronze —which 
welds at relatively low temperatures. You 
don't have to pour in so much heat... 
high stresses can't build up. 


TOBIN 


Another Tobin Bronze job! 


Here’s another Tobin Bronze* repair job 
by Super Arc... welding multiple fractures 
of an 18-ton crown from a stamping press. 
Again Tobin Bronze proved its worth for 
fast, low-cost, dependable welding. 

There are ANACONDA Welding Rods for 
many types of repair and production jobs. 
ANACONDA Welding Rods are available 
from distributors throughout the United 
States. The American Brass Company, 
Waterbury 20, Connecticut. In Canada: 
Anaconda American Brass Ltd, New 
Toronto, Ontario. 
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You can depend on 
BRONZE WELDING RODS 





how Aircomatic and Heliwelding 
teamed to fabricate a tough 
aluminum job 








GRIFFIN & COMPANY, | 
ville, K received a contract 


Part of th 


imin 
ion Was consulted to 


ost expedient we 


J. NX. Merkt and C. G. Davis. Airc 
Technical Sales Representatives, recon 
mended that both Aircomatic weldin 
and Heliwelding be used 
speed and the ability to 
without interruption 
economy that clearly tavore 
comatic for the tank welding 
welding was used in the fittings bec 
Aircomatic s extreme hig 
have made this application 

In all, there were 
tank and the approximate weldit 


including fit-up and tacking 


Gc) Air REDUCTION 


Offices in Principal Cities 


TECHNICAL SALES SERVICE—ANOTHER AIRCO PLUS-VALUE FOR CUSTOMERS 


news about 


—_>[——, 


AIRCO 
—) 
products 


IMPROVED AIRCO NO. 78E 
MILD STEEL ELECTRODE 


AIRCO HELIWELDING EQUIPMENT 


* * * 


Air Reduction supplies Oxygen, Acetylene 
and other industrial gases . . . Calcium 
Carbide . . . and a complete line of gas 
cutting machines, gas welding apporatus 
and supplies, plus arc welders, electrodes 
and accessories. Ask us about anything 
pertaining to gas welding and cutting, and 
arc welding . . . we'll be glad to help you. 





